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I.  ABSTRACT 


This  experimental  study  investigated  the  Injection  Molding  of  four 
liquid  crystal  polymers,  Vectra  A950,  Vectra  B950,  HX  4000  and 
Xydar  SRT500,  and  two  high  temperature  engineering  polymers 
Polyetherimide  (Ultem)  and  Polyphenylene  Sulfide  (Fortron) ,  and 
evaluation  of  mechanical  properties.  Tensile,  Flexural  and 
Compression,  of  molded  samples. 

It  was  found  that  four  of  the  materials  (Polyetherimide, 
Polyphenylene  Sulfide,  Vectra  A950  and  Vectra  B950)  could  be  molded 
satisfactorily  on  a  standard  injection  molding  machine  to  give  good 
quality  parts.  In  order  to  mold  the  Xydar  SRT500,  the  machine  had 
to  be  modified  to  allow  the  use  of  barrel  temperatures  much  higher 
(725  -  800  deg.F)  than  the  microprocessor  controller's  capacity. 
For  both  the  Xydar  SRT500  and  the  HX  4000  materials,  problems  were 
found  in  molded  part  quality,  including  surface  defects,  burn  marks 
and  warpage.  Despite  varying  the  molding  conditions  for  these 
materials,  it  was  not  possible  to  achieve  defect-free  moldings. 
The  properties  showed  that  the  tensile  modulus  for  Vectra  B950  was 
higher,  tnough  teiisile  st. ^..igth  was  less  than  A950,  compared 

to  the  other  materials.  Flexural  modulus  as  well  as  maximum  fiber 
stress  for  B950  was  higher  than  for  the  other  materials.  Though 
tensile  properties  for  HX  4000  were  lower  than  other  materials,  its 
flexural  properties  were  second  to  Vectra  B950.  Xydar  SRT500  showed 
the  highest  compressive  modulus,  though  Polyetherimide  showed 
higher  compressive  strength.  Compression  tests  on  HX  4000  were  not 
possible  due  to  the  warpage  in  the  parts. 
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II.  INTRODUCTION 


A.  PURPOSE  AND  SCOPE: 

This  report  summarizes  the  objective  of  the  project.  As  per  the 
proposal,  four  liquid  crystal  polymers:  Vectra  A950,  vectra  B95C , 
HX  400C,  Xydar  SRT500,  and  two  high  temperature  engineering 
polymers.  Polyphenylene  Sulf ide(Fortron  0205P4)  and  Polyetherimide 
(Ultem  1000)  were  injection  molded  and  tested  for  mechanical 
properties.  The  property  tests  included  tensile,  flexural  and 
compressive  properties  of  the  molded  specimens  and  were  carried  out 
according  to  the  ASTK  procedures. 

Satisfactory  injection  molding  of  Xydar  SRT50C  and  HZ  4000  was  not 
possible  due  to  melt  inhomogenity .  However,  injection  molding  cf 
these  materials  were  attempted.  Though  samples  were  molded  the 
quality  of  the  samples  was  not  good. 

The  tensile,  flexural  and  compressive  properties  for  Polyphenyler.e 
Sulf:  de,  Polyetheri.Tiide ,  Vectra  A950,  Vectra  B950  and  Xydar  SKT5CC 
are  given  in  this  rtrport.  Tensile  and  Flexural  properties  for  HX 
4000  are  given,  but  the  compression  test  on  HX  400C  was  not 
possible  due  to  warpage  in  the  sample  The  results  are  tabulated 
(note)  and  are  shown  graphically  on  pages  18  to  42. 

note:  The  significant  figures  for  the  ASTM  tests  should  be  considered  as  tiiree 
significant  figures.  The  computer  print  out  format  shows  more  but  this  should  net 
be  confused  as  actual  significant  figures. 


B.  BACKGROUND 


Liquid  Crystal  Polyiners  are  advanced  high  temperature  polymers  with 
unique  physr:_al  properties.  The  polymers  are  characterised  ry  lew- 
melt  •>* . scosities  which  aid  in  processing' such  as  in  injection 
molding.  Thermotropic  liquid  crystal  polymers  car.  re  processed  with 
conventional  thermoplastic  processing  techniques.  These  materials 
when  injection  molded,  form  parts  with  very  high  mechanical 
properties  without  fibrous  reinforcements.  The  molded  articles  also 
show  high  anisotropy  of  physical  properties  between  the  flow 
direction  and  the  cross  flow  directions.  The  anisotropy  decreases 
as  the  thickness  of  the  parts  increases.  These  thermotropic  liquid 
crystal  polymers  are  also  called  "self  reinforcing"  polymers, 
because  their  properties  are  very  similar  to  those  of  fiber  filled 
polymers . 

The  physical  properties  of  liquid  crystal  polymers  are  greatly 
dependent  on  the  thickness  of  the  molded  part.  The  physica* 
properties  are  inversely  related  to  the  thickness  cf  the  specimen. 
Th*s  dependency  of  prooerties  is  greater  in  unfilled  resins  than  .n 
filled  compounds.  Injection  molded  parts  exhibit  several  discinct 
layers  with  different  morphologies.  The  two  outer  sk.;.n  'ayers 
consist  of  polymer  chains  aligned  in  the  flow  direction.  The  core 
le  highly  crystalline  and  has  the  appearance  of  an  annealed 
polymer,  and  orientation  in  the  core  is  generally  perpendicular  tc 
the  flow  direction.  In  the  two  outer  skin  layers,  the  melt  freezes 
spontaneously,  because  the  mold  temperatures  are  usually  less  than 
the  crys  ta  1 1  i  za-^.  ^  or:  temperature  or  the  glass  transition  temperature 


of  the  polymer  used.  However  in  the  core,  due  to  low  heat 
conduction,  instantaneous  solidification  does  not  occur,  and  the 
melt  is  deformed  during  flow  towards  the  flow  front.  Thus  the 
ability  to  relax  is  reduced  considerably  and  orientation  takes 
place  in  the  opposite  direction.  The  most  important  parameter 
during  injection  molding  is  the  flow  process  when  filling  the 
cavity.  By  increasing  the  part's  skin  thickness,  relative  to  the 
core,  the  tensile  strength  will  increase.  To  obtain  maximum 
physical  properties  the  part  must  have  a  larger  skin  to  core 
thickness  ratio. 

The  mechanical  properties  of  injection  molded  liquid  crystal 
polymers  are  greatly  influenced  by  the  gate  design.  Ideally  the 
gate  should  be  designed  in  such  a  way  that  upon  entering  the  mold 
the  melt  should  touch  at  least  some  part  of  the  mold  walls  to  avoid 
jetting.  Conventional  gating  for  thermoplastics,  may  not  give 
specimens  with  the  highest  mechanical  properties  in  the  majority  of 
cases. 

The  processing  conditions  also  influence  greatly  the  mechanical 
properties  of  injection  molded  liquid  crystal  polymers.  Lower 
injection  velocity  gives  higher  properties.  Lower  injection 
velocity  decreases  the  amount  of  viscous  heat  generated  between  the 
already  solidified  skin  layer  at  the  walls  of  the  mold  and  the 
molten  polymer  flowing  to  fill  the  remainder  of  the  cavity,  thereby 
increasing  the  thickness  of  the  skin.  The  properties  can  be 
increased  with  low  injection  speed,  low  injection  pressure  and  low 
mold  temperature.  It  should  also  be  considered  that  very  low 
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injection  rates  can  lead  to  problems  of  material  solidifying 
prematurely  in  runners  and  gates. 

The  liquid  crystal  polymers  have  unprecedented  thermal  and  chemical 
resistance  and  at  the  same  time  exhibit  excellent  mechanical 
properties.  The  injection  molding  grades  can  easily  fill  thin  and 
long  sections  and  can  therefore  be  used  to  fabricate  both  small  and 
..arge  intricate  parts  . 

These  liquid  crystal  polymers  are  being  targeted  to  a  number  of 
market  sectors  including  the  aircraft/aerospace  sector;  some  other 
applications  being  in  fiber  optics,  electronics,  fibers,  houseware 
appliances  where  thermomechanical  stability  and  wear  resistance  are 
important.  Due  to  their  chemical  inertness  and  toughness,  they  are 
also  being  used  as  chemical  mass  transfer  tower  packing  materials 
and  they  also  make  an  excellent  replacement  for  brittle  ceramic 
materials . 


III.  INJECTION  MOLDING 
K.  MATERIALS t 

1.  Liquid  Crystal  Polymer 
Trade  name:  Vectra  A950 

Manufacturer:  Hoechst  Celanese,  New  Jersey,  U.S.A. 

2.  Liquid  Crystal  Polymer 
Trade  name:  Vectra  B950 

Manufacturer:  Hoechst  Celanese,  New  Jersey,  U.S.A. 

3 .  Liquid  Crystal  Polymer 
Trade  name:  HX  4000 

Manufacturer:  DuPont  Polymers,  U.S.A. 

4.  Licpiid  Crystal  Polymer 
Trade  name:  Xydar  SRT500 

Manufacturer:  Amoco  Performance  Products,  U.S.A. 

5.  Polyether imide 

Trade  name:  Ultem  1000 
Manufacturer;  GE  Plastics,  U.S.A. 

6.  Polyphenylene  Sulfide 
Trade  name:  Fortron  0205P4 

Manufacturer:  Hoechst  Celanese,  New  Jersey,  U.S.A. 
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B.  BQUIPMBNT 


1.  Injection  Molding  Machine 

Manuf actur er :  Battenf e Id ,  Austria 

Model;  BA750/300 

Serial  Nxmber:  41.928 

control:  CNC  80/85 

Screw  Diameter:  1.765  in. 

L/D  ratio:  16:1 

Maximum  Shot  Capacity;  6.37  o2{GPPS) 

Maximxim  clamping- force:  84.3  tons. 

Clamping;  Hydraulic 

2 .  Dehumidif ying  Drier 
Manufacturer:  Conair  Inc.,  U.S.A 
Model:  18002503 

Serial  Number;  8D0062 

3.  Mold  Temperature  Controller 

Manufacturer:  Application  Engineering  Corpn. ,  U.S.A 

Model:  TDO-ID-o 

Serial  Number:  87b242 

Heat  Transfer  Fluid;  UCON  500 

4.  Hand  held  Thermocouple 

Manufacturer:  Omega  Engineering  Inc.,  U.S.A 
Model;  HH23 

5.  Mold 

Type:  Six  cavity  ASTM  family 

Cavities  open:  Tensile;  Dogbone,  6.0  in  long 

Flexural;  Rectangular,  5  in  x  0.5  in  x  0.125  in 
Disc:  4.0  in  diameter. 


7 


C.  PROCEDURE: 


Molding  conditions  for  each  of  the  materials  were  established 
according  to  the  "short  shot"  method  {a  copy  of  the  "Short  Shot" 
method  is  given  in  Appendix  A).  The  specific  procedure  for  each 
material  is  described  briefly  in  the  following  paragraphs. 


Polyether imide 

Injection  molding  of  all  three  test  specimens  ( tensile , f lexural  and 
disc)  in  one  shot  was  not  possible  due  to  severely  unbalanced  flow 
between  the  three  cavities  used  in  the  mold,  which  resulted  in  one 
cavity  or  another  flashing  or  producing  a  short  shot  iThis  problem 
did  not  occur  during  the  molding  of  the  other  five  materials). 
Consequently,  molding  was  done  in  two  steps:  1.  with  the  disc 
cavity  closed,  tensile  and  flexural  specimen  were  molded  and  1. 
with  the  tensile  cavity  closed,  disc  and  flexural  specimens  were 
molded.  The  processing  conditions  are  given  in  Tarles  1  and  2 
respeoc ; vely . 


Polyphenylene  Sulfide,  Vectra  A950,  Vectra  B950 

All  three  test  specimens  could  be  injection  molded  in  one  shot 
without  any  problems  of  mold  balancing.  The  processing  conditions 
for  Polyphenylene  sulfide,  Vectra  A950  and  Vectra  B950  are  given  in 
Tables  4,  5  respectively. 
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HX  4000 


Injection  molding  of  this  material  was  difficult  compared  to  the 
previous  materials.  Melt  uniformity  was  not  maintainable.  Melt  non- 
uniformity  was  visible  in  the  parts  molded.  It  was  also  found  that 
this  material  was  very  heat  sensitive  at  the  processing 
temperatures.  The  parts  had  burn  marks  at  the  gate,  due  to  shearing 
of  the  melt  while  flowing  through  gates.  It  was  not  possible  to 
rectify  this  problem.  Reducing  the  barrel  temperatures  lead  to  the 
material  not  melting,  and  reducing  the  injection  speed  lead  to  the 
cavities  being  incompletely  filled.  Another  major  problem  was  found 
with  the  disc  cavity,  where  the-  part  warped  excessively  after  it 
was  ejected  from  the  mold.  By  increasing  the  cooling  time  from  15 
to  60  secs,  the  warpage  was  reduced  only  slightly.  Consequently 
good  flat  discs  were  not  able  to  be  made.  Sometimes,  pellets  were 
visible  in  the  disc,  showing  that  the  melt  uniformity  was  poor.  The 
reason  for  t.his  problem  might  be  the  size  and  shape  of  the  pellets 
which  were  very  different  (larger)  from  the  other  materials. 
Increasing  the  screw  L/D  ratio  might  help  in  rectifying  the  melt 
non-uniformity  problem.  The  final  processing  conditions  are  given 
in  Table  6. 
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Xydar  SRT500 


Initial  attempts  to  mold  this  material  on  the  standard  Battenfeld 
machine  were  limited  by  the  maximum  barel  temperature  setpoint  in 
the  controller  of  690  deg.F.  Higher  temperatures  were  necessary  to 
melt  the  material.  In  order  to  provide  higher  barrel  setpoints,  an 
external  circuit  was  built  to  reduce  the  thermocouple  signal  so  as 
to  allow  the  temperature  controller  to  operate  at  an  artificially 
low  setpoint ( below  the  690  deg.F  range  limit),  even  though  the 
actual  temperatures  was  higher.  (The  circuit  modification  is  shown 
in  Appendix  B). 

Processing  was  attempted  under  these  conditions,  but  the  quality  of 
the  specimens  was  poor,  again  as  a  result  of  poor  melt  quality  for 
reasons  thought  to  be  similar  to  the  case  of  HX  4000.  The 
processing  conditions  are  given  in  Table  7. 
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IV.  KECHANICAL  PROPERTIES 


The  molded  specimens  were  tested  for  tensile,  flexural  and 
compression  properties.  ASTM  procedures  for  the  tests  are  included 
in  Appendix  -  C. 


A.  TENSILE  PROPERTIES 
EQUIPMENT 

1.  Tensile  testing  machine 
Manufacturer:  Instron  Inc. 
Model:  6025 

Serial  Number:  H-1081 

2 .  Vernier  caliper 


TESTING: 


Procedure:  ASTM 
Number;  D638 

Atmospheric  conditions  of  the  test  room: 
Temperature ;  7  3  deg , F 
Relative  Humidity:  50% 

Number  of  specimens  tested:  Five 
Speed  of  testing;  2.0  in/min. 


RESULTS: 

The  tensile  properties  for  Polyetherimide,  Polyphenylene  Sulfide, 
Vectra  A950,  Vectra  B950,  HX  4000  and  Xydar  SRT500  are  given  in 
Tables  8,9,10,11,12  and  13  respectively. 
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B.  BLEJCUBAL  PROPERTIES 


EQUIPMENT 

1.  Flexural  testing  machine 
Manufacturer:  Instron  Inc.,  U.S.A. 
Model:  1137 

Serial  Number:  9138 

2 .  Vernier  caliper 


TESTING: 


Procedure :  ASTM 
Number;  D790 

Atmospheric  conditions  of  the  test  room: 
Temperature;  73  deg.F 
Relative  Humidity:  50% 

Number  of  specimens  tested:  Five 
Speed  of  testing;  0.1  in/min. 


RESULTS: 

The  Flexural  properties  for  Polyether imide,  Polyphenylene  Sulfide, 
Vectra  A950,  Vectra  B950,  HX  4000  and  Xydar  SRT500  are  given  in 
Tables  14,15,16,17,18  and  19  respectively. 


C.  COMPRESSIVE  PROPERTIES 


EQUIPMENT 

1.  Tensile  testing  machine 
Manufacturer:  Instron  Inc.,  U.S.A. 

Model:  6025 

Serial  Number:  H-1081 

2.  Vernier  caliper 

3.  Routing  machine 

Manufacturer:  Tensilkut  Engineering,  U.S.A. 

Model:10/31 

Serial  Number : 11 5663 


TESTING: 


Procedure:  ASTM 
Number:  D695 

Atmospheric  conditions  of  the  test  room: 

Temperature:  73  deg.F 
Relative  Humidity:  50% 

Number  of  specimens  rested;  Five 
Speed  of  testing:  0.05  in/min. 

Preparation  of  samples:  Samples  were  cut  from  injection  molded 
discs,  using  a  rotory  cutter  and  appropriate  fixtures  to  the 
dimensions  recommended  by  ASTM. 


RESULTS: 

The  Compressive  properties  for  Polyetherimide ,  Polyphenylene 
Sulfide,  Vectra  A950,  and  Vectra  B950  and  Xydar  SRT500  are  given  in 
Tables  20,21,22,23  and  24  respectively.  Compression  test  for  HX 
4000  was  not  conducted  due  to  warpage  in  the  part. 


V.  DISCnSSIOK  OF  RESULTS 

The  objectives  of  this  research  were  to  injection  mold  four  liquid 
crystal  polymers,  Vectra  A950,  Vectra  B950,  HX  4000,  Xydar  SRT500 
and  two  high  temperature  engineering  polymers  Polyetherimide(Ultem) 
and  Polyphenylene  Sulfide  (Fortron) ,  and  to  test  for  their 
mechanical  properties,  tensile,  flexural  and  compression. 

Tables  1  to  7  list*  the  processing  conditions  used  to  mold  test 
specimens  from  of  these  materials.  Table  1  and  2  list  the 
processing  conditions  for  polyether imide .  As  noted  in  section 
III.C.,  Injection  molding  of  all  three  test  specimens  was  not 
possible  in  one  shot.  Table  1  lists  the  processing  conditions  for 
tensile  and  flexural  specimens  and  Table  2  lists  the  processing 
conditions  for  compression (4  inch  diameter  disc)  and  flexural 
specimens.  Tables  3,  4,  5,  6  and  7  list  the  processing  conditions 
for  Polyphenylene  Sulfide,  Vectra  A950,  Vectra  B950  and  HX  4000  and 
Xydar  SRT500  respectively. 

Tables  8  to  13  list  the  Tensile  properties  of  Polyether imide, 
Polyphenylene  Sulfide,  Vectra  A950,  Vectra  B950,  HX  4000  and  Xydar 
SRT  500  respectively.  Tables  14  to  19  list  the  Flexural  properties 
of  Polyether imide.  Polyphenylene  Sulfide,  Vectra  A950,  Vectra  B950, 
HX  4000  and  Xydar  SRT500  respectively.  Tables  20  to  24  list  the 
Compression  properties  of  Polyether imide.  Polyphenylene  Sulfide, 
Vectra  A950,  Vectra  B950  and  Xydar  SRT500.  The  compression  test  for 
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HX  4000'  was  not  possible  due  to  the  warpage  in  the  specimen. 
Figures  1  and  2  show  the  Tensile  modulus  and  Tensile  strength  for 
the  materials.  Figures  3  and  4  show  the  Flexural  modulus  and 
maximum  fiber  stress  for  the  materials.  Figures  5  and  6  show  the 
Compressive  modulus  and  the  Compressive  strength  of  the  materials. 
As  seen  from  Figure  1,  the  tensile  modulus  of  Vectra  B950  is  the 
highest  compared  to  other  materials.  Since  it  is  self  reinforcing 
in  nature,  it  cannot  be  directly  compared  to  unreinforced 
Polyetherimide  and  Polyphenylene  Sulfide.  The  tensile  modulus  of 
Vectra  A950  is  lower  than  Vectra  B950,  but  higher  than  the  other 
.materials.  Since  Vectra  B950  is  a  cot-olyester-amide ,  it  has  more 
strength  and  stiffness.  The  tensile  moduli  of  Polyetherimide, 
Polyphenylene  Sulfide,  HX  4000  and  Xydar  SRT  500  are  in  the  same 
range.  HX  4000  and  Xydar  SRT500  should  have  higher  tensile  moduli 
than  Polyetherimide  and  polyphenylene  Sulfide,  since  they  are  seif 
reinforcing  polymers,  but  the  difficulties  in  processing  and  the 
poor  quality  of  the  parts  are  likely  to  have  given  reduced  values. 
From  Figures  3  and  4,  it  can  be  seen  that  the  flexural  modulus  and 
.maximum  fiber  stress  for  Vectra  B950  is  higher  than  for  the  other 
materials.  Though  the  tensile  properties  for  HX  4000  are  almost  the 
same  as  Polyetherimide,  Polyphenylene  Sulfide  and  Xydar  SRT500,  the 
flexural  modulus  is  very  high  compared  to  these  materials  (note: 
the  flexural  properties  for  Polyetherimide  are  reported  at  5% 
strain,  since  the  samples  did  not  break). 
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From  Figures  5  and  6  it  can  be  seen  that  the  compressive  modulus  cf 
SRT  500  IS  higher  than  the  other  materials,  though  the  compressive 
strength  is  lower.  Polyetherimide  has  a  higher  compressive  strength 
than  the  other  materials,  and  the  samples  did  not  break  for  this 
material  under  compression.  The  values  for  compression  properties 
might  have  been  reduced,  for  all  the  materials,  because  the  samples 
were  machined  from  4  inch  diameter  discs.  Although  the  samples  were 
all  cut  from  the  same  location  (in  the  flow  direction)  for  all 
materials,  the  stresses  and  microcracks  induced  during  machining 
might  have  reduced  the  properties. 

Comparison  of  published  and  evaluated  values  for  the  materials  are 
shown  in  Table  25.  Properties  for  XYDAR  SRT500  were  not  avaiiatle 
from  the  manufacturers.  The  properties  for  Polyphenylene  Sulfide 
and  Vectra  B950  were  also  not  available,  though  these  materials 
were  compared  with  other  materials,  relatively  in  the  manufacturers 
catalog.  Properties  for  Ultem  were  available  and  some  properties 
for  Vectra  A95C  and  HX  4000  were  available.  The  evaluated  values 
when  compared  to  the  manufacturer's  value  are  comparable  or  lower. 
Table  26  show  the  empirical  value  of  shear  moduli  and  bulk  moduli 
of  the  materials.  These  properties  were  arrived  at,  by  empirical 
relations  with  their  Poisson's  ratio  (ref  no:10,  table  1.4,  pg.6). 
The  Poisson's  ratio  for  Ultem  and  Polyphenylene  Sulfide  were 
obtained  from  the  manufacturer's  catalog  as  0.36  and  0.38 
respectively.  The  Poisson's  ratio  for  other  materials  (Vectra  A950, 
Vectra  B950,  HX  4000  and  Xydar  SRT500)  were  not  available,  so  for 


these  materials  it  was  assumed  to  be  0.4  (general  rule  of  thumb  for 
engineering  plastic  materials). 

Figure  7  show  the  roughness  of  the  materials.  The  toughness  is  net 
an  absolute  value,  since  the  area  considered  was  under  the  curve 
with  load  and  elongation  as  y-axis  and  x-axis  respectively,  and  net 
stress  and  strain  respectively.  The  toughness  indicates  that 
Polyetherimide  is  tougher  than  other  materials  and  that  it  has  more 
elongation.  The  least  tough  material  was  HX  4000.  The  tensile 
properties  of  HX  4000  are  low  as  shown  in  Table  25. 
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TABLE  1:  Processing  Conditions  for  Polyetherimide. 
Tensile  and  Flexural. 


Drying 

6  hours  at  300  deg.r’ 

Barrel  Temperatures; 

Rear 

575  deg.F 

Center 

602  deg.F 

Front 

630  deg.F 

Nozzle 

625  deg.F 

Melt  Temperature 

610  deg.F 

Screw  Speed 

204  rpm 

Shot  Size 

1.89  inches 

1  Decompression 

0 . 1  inches 

Injection  Velocity 

0.8  in/sec 

Injection  Pressure 
(hydraulic) 

1552  psi 

Injection  Time 

1.6  sec 

Hold  Pressure 
(hydraulic) 

900  psi 

Hold  Time 

8  sec 

Mold  Coolant 

Temperature 

210  deg.F 

Cooling  Time 

20  sec 

Cycle  Time 

34.5  -  35  sec 
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TABLE  2:  Processing  Conditions  for  Polyetherimide. 
Disc  and  Flexural. 


Drying _ 

Barrel  Temperatures; 
Rear 


Center 


Front 


Nozzle 


Melt  Temperature 

Screw  Speed _ 

Shot  Size 


Decompression _ 

Injection  Velocity 

Injection  Pressure 
(hydraulic) _ 

Injection  Time 

Hold  Pressure 
(hydraulic) _ 

Back  Pressure 


Hold  Time 


Mold  Coolant 
Temperature 

Cooling  Time 

Cycle  Time 


6  hours  at  300  deg.F 


575  deg.F 
602  deg.F 
630  deg.F 
625  deg.F 
610  deg.F 
204  rpm 
1.85  inches 
0 ♦ 1  inches 
0.7  in/sec 
1653  psi 


1.4  sec 
900  psi 


0  psi 

8  sec _ 

210  deg.F 


20  sec _ 

33.5  -  34  sec 


4 
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TABLE  3:  Processing  Conditions  for  Polyphenylene  Sulfide 


Drying 


Barrel  Temperatures: 


Rear 


Center 


Front 


Nozzle 


Melt  Temperature 


Screw  Speed 


Shot  Size 


Decompression 


Injection  Velocity 


Injection  Pressure 
(hydraulic) 


Injection  Time 


Hold  Pressure 
(hydraulic) 


Back  Pressure 


Hold  Time 


Mold  Coolant 
Temperature 


Cooling  Time 


Cycle  Time 


6  hours  at  275  deg.F 


579  deg.F 


618  deg.F 


624  deg.F 


630  deg.F 


618  deg.F 


132  rpm 


1.80  inches 


0.1  inches 


0.3  in/ sec 


900  psi 


0.9  sec 


500  psi 


0  psi 


4  sec 


300  deg.F 


18  sec 


28  -  29  sec 


TABLE  5:  Processing  Conditions  for  Vectra  B950. 


Drying 

e  hours  at  300  deg.F  | 

Barrel  Temperatures: 

Rear 

554  deg.F 

Center 

571  deg.F 

Front 

572  deg.F 

Nozzle 

565  deg.F 

Melt  Temperature 

558  deg.F 

Screw  Speed 

168  rpm 

Shot  Size 

1.80  inches 

Decompr es  s i on 

0.1  inches 

Injection  Velocity 

0.4  in/ sec 

Injection  Pressure 
(hydraulic) 

900  psi 

Injection  Time 

2.0  sec 

Hold  Pressure 
(hydraulic) 

500  psi 

Back  Pressure 

0  psi 

Hold  Time 

7 . 0  sec 

Mold  Coolant 

Temperature 

190  deg.F 

Cooling  Time 

19  sec 

Cycle  Time 

32-33  sec 
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TABLE  €t  Processing  Conditions  for  HX  4000. 


Drying 

8  hours  at  300  deg.F 

Barrel  Temperatures: 

Rear 

652  deg.F 

Center 

664  deg.F 

Front 

665  deg.F 

Nozzle 

642  deg.F 

Melt  Temperature 

635  deg.F 

Screw  Speed 

204  rpm 

Shot  Size 

1.75  inches 

Decompression 

0.15  inches 

Injection  Velocity 

0.9  in/ sec 

Injection  Pressure 
(hydraulic) 

1494  psi 

Injection  Time 

1.1  sec 

Hold  Pressure 
(hydraulic) 

855  psi 

Back  Pressure 

0  psi 

Hold  Time 

4.5  sec 

Mold  Coolant 

Temperature 

250  deg.F 

Cooling  Time 

15  sec 

Cycle  Time 

32.6  -  33.3  sec 

TABLE  7s  Processing  Conditions  for  Xydar  SRT500 


Drying 

10  hours  at  250  deg.P 

Barrel  Temperatures: 

Rear 

651  deg.F 

Center 

694  deg.F 

Front 

726  deg.F 

Nozzle 

662  deg.F 

Melt  Temperature 

705  deg.F 

Screw  Speed 

204  rpm 

Shot  Size 

1.79  inches 

Decompression 

0 . 1  inches 

Injection  Velocity 

0.9  in/sec 

Injection  Pressure 
(hydraulic) 

1452  psi 

Injection  Time 

1.1  sec 

Hold  Pressure 
(hydraulic) 

1000  psi 

Back  Pressure 

0  psi 

Hold  Time 

5.0  sec 

Mold  Coolant 

Temperature 

300  deg.F 

Cooling  Time 

15  sec 

Cycle  Time 

25  -  26  sec 
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TABLE  8:  Tensile  Properties  for  Polyether imide. 


Strength 
at  break 
xlO^  psi 


1.300 


1.309 


1.284 


1.306 


1.298 


1.299 


0.009 


%  elongn. 
at  break 


64.37 


60.83 


77.99 


75.67 


62.48 


68.27 


yield 
strength 
xio*  psi 


1.721 


1.734 


1.696 


1.723 


1.719 


1.718 


0.013 


%  elongn.  Elastic 
at  yield  Modulus 
xlO^  psi 


32.99 


32.95 


33.54 


32.24 


32.01 


32.75 


38.99 


39.97 


40.08 


38.85 


39.28 


39.43 


0.562 


TABLE  9:  Tensile  Properties  for  Polyphenylene  Sulfide. 


TABLE  10:  Tensile  Properties  for  Vectra  A950. 


Sample 

Number 


Strength  at 


%  elongn. 


break  xlO**  psi  |  at  break 


1.191 


1.655 


2.025 


1.917 


2.077 


1.773 


0.416 


13.27 


15.20 


20.51 


19.80 


20.75 


17.91 


3.44 


Elastic  Modulus 
xlO^  psi 


86.940 


85.940 


96.270 


87.690 


87.880 


88.94 


3.637 


TABLE  11:  Tensile  Properties  for  Vectra  B950. 


Sample 

Number 

Strength  at 
break  xlO^  psi 

%  elongn. 
at  break 

Elastic  Modulus 
xio^  psi 

1 

1.590 

9.56 

138.400 

2 

1.396 

6.89 

139.900 

3 

1.471 

6.45 

140.900 

4 

1.282 

7.63 

133.100 

5 

1.442 

7.04 

137.900 

Mean 

1.436 

7.52 

138.000 

Std. 

Dev. 

0.112 

1.22 

0.300 
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TABLE  12:  Tensile  Properties  for  HX  4000. 


TABLE  13:  Tensile  Properties  for  Xydar  SRT500. 


Sample 

Number 

Strength  at 
break  xlO^  psi 

%  elongn. 
at  break 

Elastic  Modulus 
xlO^  psi 

1 

1.156 

23.11 

38.130 

2 

1.258 

23.86 

51.470 

3 

0.892 

15.55 

43.370 

4 

0.905 

14.25 

32.870 

5 

0.762 

15.26 

34.890 

Mean 

0,995 

18.39 

40.146 

Std. 

Dev. 

0.204 

4.67 

7.470 
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TABLE  14;  Flexxiral  Properties  for  Polyether imide. 

Flexural  properties  for  Polyetherimide  arc  reported  at  5%  strain. 


Sample 

Number 

Maximum  fiber 
stress 
xio^  psi 

Tanaent  Modulus 
xlO*  psi 

1 

1.228 

43.110 

2 

1.228 

43.680 

3 

1.305 

43.110 

4 

1.267 

45.700 

5 

1.228 

42.100 

Mean 

1.251 

41.540 

Std. 

0.034 

4.591 

Dev. 

TABLE  15:  Flexural  Properties  for  Polyphenylene  Sulfide. 


Sample 

Number 

Maximum  fiber 
stress 
xlO^  psi 

Maximum 
Strain 
in/ in 

Tangent  Modulus 
xio^  psi 

1 

1.380 

0.037 

59.210 

2 

1.380 

0.034 

49.340 

3 

1.400 

0.043 

55.430 

4 

1.380 

0.048 

59.210 

5 

1.380 

0.039 

49.150 

Mean 

1.384 

0.042 

54.460 

Std. 

Dev. 

0.008 

0.005 

5.011 
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TABLE  15:  Flexural  Properties  for  Vectra  A950 


sample 

Numl>er 

Maximum  filiar 
stress 
xlO^  psi 

Maximum 
Strain 
in/ in 

Tanaent  Modulus 
xio*  psi 

1 

1.689 

0.040 

131.000 

2 

1.704 

0.045 

114.600 

3 

1.612 

0.042 

118.700 

4 

1.651 

0.040 

122.800 

5 

1.704 

0.035 

122.800 

Mean 

1.672 

0.040 

121.900 

Std. 

Dev. 

0.039 

0.003 

6.081 

TABLE  17:  Flexural  Properties  for  Vectra  B950. 


Sample 

Number 

Maximum  fiber 
stress 
xlO^  psi 

Maximum 
Strain 
in/ in 

Tangent  Modulus 
xlO^  psi 

1 

2.918 

0.018 

271.000 

2 

2.764 

0.021 

218.400 

3 

2.803 

0.017 

234.000 

4 

2.611 

0.017 

218.400 

5 

2.764 

0.017 

206.900 

Mean 

2.772 

0.018 

229.700 

Std. 

Dev. 

0.109 

0.001 

24.490 
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TABLE  18:  Flexural  Properties  for  HX  4000. 


Sample 

Number 

Maximum  fiber 
stress 
xlO^  psi 

Maximum 

Strain 

in/in 

Tanqent  Modulus 
xlO*  psi 

1 

2.707 

0.022 

182.040 

2 

2.810 

0.023 

204.800 

3 

2.534 

0.015 

204.800 

4 

2.649 

0.022 

189.030 

5 

2.361 

0.023 

163.840 

Mean 

2.612 

0.021 

188.902 

Std. 

Dev. 

0.172 

0.003 

17.181 

TABLE  19:  Flexural  Properties  for  Xydar  SRT500, 


Sample 

Number 

Maxim\im  fiber 
stress 
xio^  psi 

Maximum 
Strain 
in/ in 

Tanqent  Modulus 
xlO^  psi 

1 

1.580 

0.012 

19.660 

2 

1,663 

0.014 

19.660 

3 

1.612 

0.  012 

18.020 

4 

1.520 

0.012 

19.660 

5 

1.617 

0.011 

21.120 

Mean 

1.598 

0.012 

19.658 

Std. 

Dev. 

0.528 

0.001 

1.156 

TABLE  20:  Compressive  Properties  for  Polyetherinide 


Sample 

Number 

Compressive 
Strength 
xio^  psi 

Compression 
at  break 
in 

Modulus  of 
Elasticity 
xlO*  psi 

1 

1.993 

0.168 

25.880 

2 

1.678 

0.133 

22.700 

3 

1.913 

0.183 

23.840 

4 

1.982 

0.181 

24.450 

5 

1.908 

0.187 

24.020 

Mean 

1.896 

0.170 

24.170 

Std. 

Dev. 

C.123 

0.022 

1.150 

TABLE  21:  Compressive  Properties  for  Polyphenylene  Sulfide. 


Sample 

Number 

Compressive 
Strength 
xlO^  psi 

Compression 
at  break 
in 

Modulus  of 
Elasticity 
xio^  psi 

1 

1.624 

0.122 

27.280 

2 

1.624 

0.125 

27.630 

3 

1.617 

0.166 

26.900 

4 

1.554 

0.116 

26.950 

5 

1.704 

0.129 

28.100 

Mean 

1.624 

0.131 

27.370 

Std. 

Dev. 

0.053 

0.019 

0.501 
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T2^LB  22:  Compressive  Properties  for  Vectra  A950 


Sample 

Number 

Compressive 
Strength 
xio^  psi 

Compression 
at  break 
in 

Modulus  of 
Elasticity 
xio*  psi 

1 

0.778 

0.071 

22.060 

2 

0.893 

0.120 

22.530 

3 

0.867 

0.140 

22.250 

4 

0.928 

0.148 

26.440 

5 

0.930 

0.189 

20.100 

Mean 

0.879 

0.134 

22.720 

Std. 

0.062 

0.043 

2.303 

Dev. 

TABLE  23:  Compressive  Properties  for  Vectra  B950. 


Sample 

Number 

Compressive 
Strength 
xlO^  psi 

Compression 
at  break 
in 

Modulus  of 
Elasticity 
xlO^  psi 

1 

1.413 

0.139 

53.770 

2 

1.591 

0.160 

52.590 

3 

1.240 

0.121 

45.330 

4 

1.267 

0.112 

44.500 

5 

1.418 

0.143 

50.500 

Mean 

1.385 

0.135 

49.330 

Std. 

0.140 

0.018 

4.214 

_ 
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TABLE  2  it 

Compressive  Properties  for 

Kydar  SRT500. 

Sample 

Nvimber 

Compressive 
Strength 
xio^  psi 

Compression 
at  break 
in 

Modulus  of 
Elasticity 
xio^  psi 

1 

0.838 

0.115 

76.840 

2 

0.732 

0.143 

61.990 

3 

0.771 

0.137 

77.870 

4 

0.939 

0.185 

67.660 

5 

0.796 

0.126 

79.300 

Mean 

0.815 

0.141 

72.730 

Std. 

Dev. 

0.116 

0.079 

23.840 

TABLE  25:  Conparl«ion  of  Evaluatod  Propartiaa  to  Puhllsbed 
PropertioB 


Ultem 

Vectra 

A950 

HX 

4000 

1 

Prop. 

Units 

Manuf . 

Eval. 

Manuf . 

Eval. 

Manuf . 

E'^al. 

Ten. St 

psi. 

X  10^ 

1.52 

1.299 

2.30 

1.773 

1.30 

0.419 

Ten. 

Mod 

psi 

X  10^ 

— 

39.43 

160.00 

88.94 

310.00 

44.52 

Elong. 

% 

60 

68.27 

0.5 

0.22 

Flex. 

Mod. 

psi 

X  10« 

48.00 

41.54 

230.00 

188.9 

Flex. 

St. 

psi 

X  10* 

2,20 

1.251 

BB 

3.310 

2.612 

Comp. 

St. 

psi 

X  10* 

2.19 

1.896 

— 

Comp. 

Mod. 

psi 

X  10* 

48.00 

24.17 

- — - 

notel;  the  properties  of  Vectra  B950,  Fortron  and  Xydar  SRT500  are 
not  available. 

note2;  -  indicates,  that  particular  value  was  not  available. 
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TABLE  26:  Empircal  Values  of  Shear  modulus  and  Bulk  Modulus 


Material 

Poisson's 

Ratio 

Shear  Modulus 
psi  X  10^ 

Bulk  Modulus 
psi  X  10^ 

Ultem 

0.36^ 

14.603 

106.46 

Fortron 

0.38^ 

14.828 

116.256 

Vectra  A950 

0.4^^ 

31.76 

249.032 

Vectra  B950 

f 

o 

49.285 

386.400 

Xydar  SRT500 

0.4^^ 

14.337 

112.408 

HX  4000 

0.4^^ 

15.90 

124.650 

^  published  values 
assumed  values 
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MaxiTjjTi 


Ultem 


Fortran  A950  B950  HX4000  SRT500 
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VI.  CONCLUSIONS 


From  the  above  experimental  work  done  in  molding  and  testing 
samples  of  Polyetherimide ,  Polyphenylene  Sulfide,  Vectra  A9SC, 
Vectra  B950,  HX  4000  and  Xydar  SRT500 .  it  is  concluded  tnat, 

(i)  The  Polyetherimide,  Polyphenylene  Sulfide,  Vectra  A95G  and 
Vectra  B950  materials  could  be  molded  satisfactorily  on 
conventional  equipment  to  produce  satispactory  specimens  for 
testing , 

(ii)  Problems  were  encountered  in  molding  samples  from  the  HX  4000 
and  Xidar  SP.T500  materials.  Machine  modifications  including  high 
temperature  controllers  and  possibly  a  different  screw  design  may 
be  required  for  satisfactory  processing. 

(iii)  Warpage  of  the  4  inch  diameter  disc  for  KX  4000  was  a  major 
problem,  which  could  not  be  corrected, 

(iv)  The  injection  molded  samples  of  Xydar  SRT500  and  HX400C  were 
not  satisfactory  due  to  non-uniformity  of  the  melt  This  probleu. 
may  affept  the  measured  property  values, 

(v)  The  measured  tensile  modulus  for  Vectra  A950  is  higher  than  for 
the  other  tested  materials, 

(vi)  The  measured  flexural  modulus  for  HX  4000  is  higher  than  for 
the  other  materials,  although  the  maximum  fiber  stress  is  lower 
than  other  materials, 

(vii)  The  measured  compressive  modulus  for  Xydar  SRT500  is  higher 
than  other  materials  although  the  compressive  strength  is  lower  for 


the  other  materials . 


VII.  RECOMMENDATIONS  FOR  FUTURE  WORK 

After  completing  the  above  experimental  work  and  analyzing  the 
results,  it  is  recommended  that, 

(i)  The  materials  should  be  processed  under  different  operating 
conditions  and  their  properties  analyzed, 

(ii)  Future  research  work  should  be  done  to  evaluate  the  reasons 
for  warpage  in  injection  molding  of  HX  4000, 

(iii)  Since  the  mechanical  properties  of  liquid  crystal  polymers 
are  greatly  dependent  on  gate  designs,  different  types  of  gates 
should  be  evaluated, 

{iv}  A  machine  which  is  capable  of  reaching  the  barrel  temperatures 
up  to  800  deg.F  should  be  used  to  process  Xydar  SKT500  to  obtain 
good  melt  homogenity, 

(v)  The  size  and  shape  of  pellets  for  HX  4000  and  Xydar  SRT500 
should  be  given  consideration  in  future  work  for  this  affects  the 
melt  homogenity. 
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APPENDIX  A 

Short  Shot  Method 


Co  N)  ^ 


SHORT  SHOT  METOOD 


NOTES; 

Assumes  mold  temperature  Is  preset 
Assumes  melt  temperature  is  preset 

Only  use  this  method  If  mold  can  accept  a  short  shot  without  damage 
Steps  must  be  followed  In  the  order  given 

STEPS: 

1.  SETTING  SHOT  SIZE 

a.  Set  holding  pressure  to  ZERO 

b.  Set  holding  time  to  ZERO 

c.  Set  Injection  speed  to  MEDIUM  TO  FAST 

d.  Set  Injection  ( 1st  stage)  time  to  a  value  GREATER  than  will  be  necessary 
to  fill  the  mold 

e.  Set  Injection  ( 1st  stage)  pressure  to  a  value  GREATER  than  will  be 
necessary  to  filll  the  mold 

f.  Set  shot  size  to  a  value  SMALLER  than  will  be  necessary  to  fill  the  mold 

g.  Make  a  shot-the  product  should  be  SHORT 

h.  Continue  making  shots,  gradually  INCREASING  shot  size--when  the  part 
is  95-98%  Med,  the  shot  size  is  OK.  (Note:  The  screw  must  be  bottommlrzg 
out  at  this  stage.  There  must  be  NO  CUSHION) 

2.  CHECKING  INJECTION  SPEED 

a.  Run  some  shots  with  the  conditions  as  in  l.h— check  If: 

(i)  Jettlng/bumlng  or  discoloration  near  gate/dlesellng”lf  so. 
REDUCE  Injection  speed  until  problems  go  away 

(ii)  Cold  flow  marks— If  so  INCREASE  Injection  speed  until  problems 
go  away 

3.  SETTLNG  INJECTION  PRESSURE 

a.  Continuing  from  step  2.a.  set  injection  (1st  stage)  pressure  to  LOW 

b.  Make  a  shot-  the  product  should  be  SHORT 

c.  Continue  making  shots,  gradually  INCREASING  injection  pressure- 
when  the  part  is  95-98%  filled,  matching  the  appearance  in  step  2. a.  the 
injection  pressure  is  OK,  (Note:  The  screw  must  be  bottomming  out  at  this 
stage.  There  must  .be  NO  CUSHION) 

4.  SETTING  INJECTION  TIME 

a.  Continuing  from  step  3.c.  set  injection  (1st  stage)  time  to  LOW 

b.  Make  a  shot-  the  product  should  be  SHORT 

c.  Conunue  making  shots,  gradually  INCREASING  injection  Ume-when 
the  pan  is  95-98%  flUed.  matching  the  appearance  in  step  3.c.  the 
injection  (1st  stage)  pressure  is  OK.  (Noic;  -s  screw  must  be  bottomming 
out  at  this  stage.  There  must  be  NO  CUSHION) 

5.  SETTING  HOLDING  TIME 

a.  Continuing  from  step  4.c.  increase  shot  ize  by  5  -  10%. 

b.  Make  a  shot— the  part  should  look  like  •‘•.c.  but  now  a  CUSHION  is  present 

c.  Adjust  holding  (2nd  stage)  pressure  to  SO  -  60%  of  injection  (1st  stage) 
value.  Check  that  holding  time  is  still  ZERO. 

d.  Make  a  shot— the  part  should  still  loc'  the  same 

e.  Continue  making  shots,  gradually  INCREASING  holding  time.  Weigh  the 
product  at  each  time  increment,  until  the  weight  stops  increasing 
significantly.  The  holding  time  is  now  OK 
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The  maxlmuin  barrel  temperatures  for  the  injection  molding  machine 
is  690  deg.F.  This  limit  is  set  in  the  microprocessor  control.  If 
the  temperatiire  increases  beyond  this  limit,  the  heater  bands  shuts 
off.  With  this  temperature  setting,  it  was  not  possible  to  process 
Xydar  SRT500,  which  needs  barrel  temperature  profile  of  725  deg.F 
to  800  deg.F.  This  machine  had  three  heating  zones  in  the  barrel. 
In  order  to  increase  the  barrel  temperature  to  the  required  value, 
we  had  to  connect  a  potentiometer  in  between  the  microprocessor  and 
the  outlet  of  middle  zone  thermocouple.  This  potentiometer  reduces 
the  temperature  reading  from  the  thermocouple  and  fed  the  reduced 
value  to  the  microprocessor.  By  varying  the  resistance  in  the 
potentiometer  we  could  vary  the  barrel  middle  zone  temperature.  So, 
the  microprocessor  would  actually  read  lower  values  than  actual 
values.  But  this  type  of  controller  was  not  stable  for  long  times 
(15  -  20  mins).  The  temperature  used  to  vary  by  +/-  25  deg.F.  By 
using  this  type  of  potentiometer  we  were  able  to  process  Xydar 
SRT500,  though  the  samples  were  not  satisfactory.  Figure  8  shows 
the  circuit  diagram  of  the  potentiometer. 
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Deftignation:  0  790  -  84a 


Standard  Test  Methods  for 

FLEXURAL  PROPERTIES  OF  UNREINFORCED  AND 
REINFORCED  PLASTICS  AND  ELECTRICAL  INSULATING 
MATERIALS' 

This  suuidanl  is  issued  under  (he  fixed  designation  D  790;  the  number  immediately  following  the  designation  indicates  the 
year  of  otiginal  adoption  or,  in  the  case  of  revision,  the  year  of  last  revision.  A  number  in  parentheses  indicates  the  year  of  last 
reapproval.  A  superscript  epsilon  (e)  indicates  an  editorial  change  since  the  last  revision  or  reapproval. 

This  method  hat  been  approved/or  use  by  agencies  of  the  Department  of  Defense  to  replace  Method  1031  of  Federal  Test  Method 
Standard 406  and  for  listing  in  the  DoD  Index  of  Specifications  and  Stan^rds. 


1.  Scope 

1.1  These  test  methods  cover  the  determina¬ 
tion  of  flexural  properties  of  unreinforced  and 
reinforced  plastics,  including  high-modulus  com¬ 
posites,  and  electrical  insulating  materials  in  the 
form  of  rectangular  bars  molded  directly  or  cut 
from  sheets,  plates,  or  molded  shapes.  These  test 
methods  are  generally  applicable  to  rigid  and 
semirigid  materials.  However,  flexural  strength 
cannot  be  determined  for  ’hose  materials  that  du 
not  break  or  that  do  not  fail  in  the  outer  fibers. 
Two  methods  of  test  arc  described  as  follows: 

1.1.1  Method  I — A  three-point  loading  sys¬ 
tem  utilizing  center  loading  on  a  simply  sup¬ 
ported  beam. 

1.1.2  Method  II — A  four-point  loading  sys¬ 
tem  utilizing  two  load  points  equally  spaced 
from  their  adjacent  support  points,  with  a  dis¬ 
tance  between  load  points  of  either  one-third 
or  one-half  of  the  support  span. 

1.2  Either  test  method  can  be  used  with  the 
two  procedures  that  follow: 

1.2.1  Procedure  A,  designed  principally  for 
materials  that  break  at  comparatively  small 
deflections. 

1.2.2  Procedure  B,  designed  particularly  for 
those  materials  that  undergo  large  deflections 
during  testing. 

1.3  Comparative  tests  may  be  run  according 
to  either  test  method  or  procedure,  prorided  that 
test  method  or  procedure  is  found  satisfactory 
for  the  material  being  tested. 

1.4  The  values  stated  in  SI  units  are  to  be 
regarded  as  the  sundard. 

Note  1 — A  complete  metric  companion  to  Test 
Method  D  790  has  ban  developed — D  790M. 


1 .5  This  standard  may  involve  hazardous  ma¬ 
terials,  operations,  and  equipment.  This  standard 
does  not  purport  to  address  all  of  the  safety  prob¬ 
lems  associated  with  its  use.  It  is  the  responsibil¬ 
ity  of  whoever  uses  this  standard  to  consult  and 
establish  appropriate  safety  and  health  practices 
and  determine  the  applicability  of  regulatory  limi¬ 
tations  prior  to  use. 

2.  Applicable  Documents 

2. 1  ASTM  Standards: 

D  6 1 8  Methods  of  Conditioning  Plastics  and 
Electrical  Insulating  Materials  for  Testing^ 

D  638  Test  Method  for  Tensile  Properties  of 
Plastics^ 

D  4066  Specification  for  Nylon  Injection  and 
Extrusion  Materials^ 

E  4  Methods  of  Load  Verification  of  Testing 
Machines* 

3.  Summary  of  Methods 

3.1  A  bar  of  rectangular  cross  section  is 
tested  in  flexure  as  a  beam  as  follows; 

3.1.1  Method  I — The  bar  rests  on  two  sup¬ 
ports  and  is  loaded  by  means  of  a  loading  nose 
midway  between  the  supports  (see  Fig.  1). 

3.1.2  Method  II — The  bar  rests  on  two  sup¬ 
ports  and  is  loaded  at  two  points  (by  means  of 


'  These  lest  methods  are  uiid«  the  jiuiadiciion  of  ASTM 
Committee  D-20  on  PUstics  and  are  the  direa  responsibility  of 
Subcommittee  020. 10  on  Mechanical  Properties. 

Current  edition  approved  May  25  and  July  27,  1984.  Pub¬ 
lished  September  1984.  Originally  published  as  D  790  -  70.  Last 
previous  edition  D  790  -  81. 

‘  Annual  Book  of  ASTM  Standards.  Vol  08.0 1 . 

’  Annual  Boon  of  ASTM  Standards.  Vol  08.03. 

‘  .Inmiat  Book  of  ASTM  Standards.  Vol  03.0 1 . 
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two  loading  noses),  each  an  equal  distance  from 
the  adjacent  support  point.  The  distance  be¬ 
tween  the  loading  noses  (that  is,  the  load  span) 
is  either  one-third  or  one-half  of  the  support 
span  (see  Fig.  2). 

3.2  The  specimen  is  deflected  until  rupture 
occurs  in  the  outer  fibers  or  until  the  maximum 
fiber  strain  (sec  H  .9)  of  5  %  is  reached,  whichever 
occurs  first. 

4.  Significance  and  Use 

4. 1  Rexural  properties  determined  by  Method 
I  are  specially  useful  for  quality  control  anc 
specification  purposes. 

4.2  Materials  that  do  not  fail  at  the  point  of 
maximum  stress  under  Method  1  should  be 
tested  by  Method  II.  Flexural  properties  deter¬ 
mined  by  Method  II  are  also  useful  for  quality 
control  and  specification  purposes.  The  basic 
difference  between  the  two  test  methods  is  in  the 
location  of  the  maximum  bending  moment  and 
maximum  axial  fiber  stresses.  The  maximum 
axial  fiber  stresses  occur  on  a  line  under  the 
loading  nose  in  Method  I  and  over  the  area 
between  the  loading  noses  in  Method  II. 

4.3  Flexural  properties  may  vary  with  spec¬ 
imen  depth,  temperature,  atmospheric  condi¬ 
tions,  and  the  difference  in  rate  of  straining 
specified  in  Procedures  A  and  B  (sec  also  Note 
?)• 

5.  Apparatus 

5.1  Testing  Machine — A  properly  calibrated 
testing  machine  that  can  be  operated  at  con¬ 
stant  rates  of  crosshead  motion  over  the  range 
indicated,  and  in  which  the  error  in  the  load 
measuring  system  shall  not  exceed  ±  1  %  of 
maximum  load  expected  to  be  measured.  It 
shall  be  equipped  with  a  deflection-measuring 
device.  The  stiffness  of  the  testing  machine 
shall  be  such  that  the  total  elastic  deformation 
of  the  system  does  not  exceed  I  %  of  the  total 
deflection  of  the  test  specimen  during  test,  or 
appropriate  corrections  shall  be  made.  The 
load-indicating  mechanism  shall  be  essentially 
free  from  inertial  lag  at  the  crosshead  rate  used. 
The  accura<^  of  the  testing  machine  shall  be 
verified  in  accordance  with  Methods  E  4. 

5.2  Loading  Noses  and  Supports~The  load¬ 
ing  nose  or  noses  and  supports  shall  have  cylin¬ 
drical  surfaces.  In  order  to  avoid  excessive  in¬ 
dentation,  or  failure  due  to  stress  concentration 
directly  under  the  loading  nose  or  noses,  the 
radius  of  the  nose  or  noses  and  supports  shall 
be  at  least  3.2  mm  (Vs  in.)  for  all  specunens.  For 


specimens  3.2  mm  (V4  in.)  or  greater  in  depth 
the  radius  of  the  supports  may  be  up  to  1.5 
times  the  specimen  depth.  They  shall  be  this 
large  if  significant  indentation  or  compressive 
failure  occurs.  The  arc  of  the  loading  nose  in 
contact  with  the  specimen  shall  be  suflicicniiy 
large  to  prevent  conuct  of  the  specimen  with 
the  sides  of  the  nose  or  noses  (see  Fig.  I  for 
Method  I,  Fig.  3  for  Method  II). 

6.  Test  Specimens 

6.1  The  specimens  may  be  cut  from  sheets, 
plates,  or  molded  shapes,  or  may  be  molded  to 
the  desired  finished  dimensions. 

Note  2 — Any  necessary  polishing  of  specimens 
shall  be  done  only  in  the  lengthwise  direaion  of  the 
speciiBen. 

6.2  Sheet  Materials  (except  laminated  ther¬ 
mosetting  materials  and  certain  materials  used 
for  electrical  insulation,  including  vulcanized 
fiber  and  glass  bonded  mica): 

6.2. 1  Materials  1.6  mm  (Vis  in.)  or  Greater  in 
Thickness — For  flatwise  tests  the  depth  of  the 
specimen  shall  be  the  thickness  of  the  material 
For  edgewise  tests,  the  width  of  the  specimen 
shall  be  the  thickness  of  the  sheet  and  the  depth 
shall  not  exceed  the  width  (see  Notes  3  and  4). 
For  all  tests,  the  support  span  shall  be  16 
(tolerance  +4  or  ~2)  times  the  depth  of  the 
beam.  Specimen  width  shall  not  exceed  one- 
fourth  of  the  support  span  for  specimens  greater 
than  3.2  mm  (%  in.)  in  depth.  Specimens  3.2 
mm  {Vs  in.)  or  less  in  depth  shall  be  12.7  mm 
(%  in.)  in  width.  The  specimen  shall  be  long 
enough  to  allow  for  overhanging  on  each  end 
of  at  least  10  %  of  the  support  span,  but  in  no 
case  less  than  6.4  mm  (V4  in.)  on  each  end. 
Overhang  shall  be  sufficient  to  prevent  the 
specimen  from  slipping  through  the  supports. 

Note  3 — Whenever  possible,  the  original  surface 
of  the  sheet  shall  be  unaltered.  However,  where  test¬ 
ing  machine  limitations  make  it  impossible  to  follow 
the  above  criterion  on  the  unaltered  sheet,  one  or 
both  surfaces  shall  be  machined  to  provide  the  de¬ 
sired  dimensions,  and  the  location  of  the  specimens 
with  reference  to  the  total  depth  shall  be  noted.  The  . 
value  obtained  on  specimens  with  machined  surfaces 
may  differ  from  those  obtained  on  specimens  with 
original  surfaces.  Consequently,  any  specifications 
for  flexural  properties  on  the  thicker  sheets  must  state . 
whether  the  onginai  surfaces  are  to  be  retained  or 
not.  When  only  one  surface  was  machined,  it  must 
be  stated  whether  the  machined  surface  was  on  the 
tension  or  compression  side  of  the  beam. 

Note  4— Edgewise  tests  are  not  applicable  for 
sheets  that  are  so  thin  that  specimens  meetmg  these 
requnements  cannot  be  cut.  If  specimen  depth  ex¬ 
ceeds  the  width,  buckling  may  occur. 
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6.2.2  Materials  Less  than  L6  mm  (Vit  in.)  in 
Thickness — The  specimen  shall  be  50.8  mm  (2 
in.)  long  by  12.7  nun  {%  in.)  wide,  tested  flat¬ 
wise  on  a  25.4-mm  (1-in.)  support  span. 

Note  5 — Use  ofthe  formulas  for  simple  beams  cited 
in  thfsg  test  methods  for  calculating  results  presumes 
that  beam  width  is  small  in  comparison  with  the  sup¬ 
port  span.  Therefore,  the  formulas  do  not  apply  rigor¬ 
ously  to  these  dimenaons. 

Note  6 — Where  machine  sensitivity  is  such  that 
specimens  of  these  dimensions  cannot  be  measured, 
wider  specimens  or  shorter  support  spans,  or  both 
may  be  used,  provided  the  support  span-to-depth 
ratio  is  at  least  14  to  1 .  All  dimensions  must  be  stated 
in  the  report  (see  also  Note  5). 

6.3  Laminated  Thermosetting  Materials  and 
Sheet  and  Plate  Materials  Used  for  Electrical 
Insulation,  Including  Vulcanized  Fiber  and 
Glass- Bonded  Mica — Test  the  specimens  in  ac¬ 
cordance  with  Table  I  for  Method  I,  and  Table 
2  or  3  for  Method  II.  For  paper-base  and  fabric- 
base  grades  over  25.4  mm  (1  in.)  in  nominal 
thickness,  the  specimens  shall  be  machined  on 
both  surfaces  to  a  depth  of  25.4  mm  (1  in.).  For 
glass-base  and  nylon-base  grades,  specimens 
over  12.7  mm  {Vi  in.)  in  nominal  depth  shaU  be 
machined  on  both  surfaces  to  a  depth  of  12.7 
mm  (Mi  in.).  The  support  spa£-to-depth  ratio 
shall  be  chosen  such  that  failures  occur  in  the 
outer  fibers  of  the  specimens,  due  only  to  the 
bending  moment  (Note  7),  Three  recom¬ 
mended  suppon  span-to-depth  ratios  are  16, 32 
and  40  to  1.  When  laminated  materials  exhibit 
low  compressive  strength  perpendicular  to  the 
laminations,  they  shall  be  loaded  with  a  large 
radius  loading  nose  (up  to  4  times  the  specimen 
depth  for  Method  I  and  1.5  times  the  specimen 
depth  for  Method  II)  to  prevent  premature 
damage  to  the  outer  fibers. 

6.4  Molding  Materials  (Thermoplastics  and 
Thermosets) — The  recommended  specimen  for 
molding  materials  is  127  by  12.7  by  3.2  mm  (5 
by  'h  by  Vs  in.)  tested  flatwise  on  a  suppon  span, 
resulting  in  a  suppon  span-to-depth  ratio  of  16 
(tolerance  -(-4  or  -2).  Thicker  specimens  should 
be  avoided  if  they  exhibit  significant  shrink 
marks  or  bubbles  when  molded. 

6.5  High-Strength  Reinforced  Composites, 
Including  Highly  Orthotropic  Laminates — Spec¬ 
imens  shall  be  tested  in  accordance  with  Table 
1  for  Method  I,  and  Table  2  or  3  for  Method 
II.  The  suppon  span-to-depth  ratio  shall  be 
chosen  such  that  failures  occur  in  the  outer 
fibers  of  the  specimens,  due  only  to  the  bending 
moment  (Note  7).  Three  recommended  suppon 


span-to-depth  ratios  are  16:1,  32:1,  and  4 
However,  for  some  highly  anisotropic  comp 
ites,  shear  deformation  can  significantly  infi 
ence  modulus  measurements,  even  at  span-to 
depth  ratios  as  high  as  40:1.  Hence,  for  these 
materials,  an  increase  in  span-to-depth  ratio  to 
60: 1  is  recommended  to  eliminate  shear  effects 
when  modulus  data  are  required.  It  should  also 
be  noted  that  the  flexural  modulus  of  highly 
anisotropic  laminates  is  a  strong  function  of 
ply-stacking  sequence  and  will  not  necessarily 
correlate  with  tensile  modulus,  which  is  not 
stacking-sequence  dependent 

Note  7 — As  a  general  rule,  support  span-to-depth 
ratios  of  16  are  satisfaaory  when  the  ratio  of  the 
tensile  strength  to  shear  strength  is  less  than  S  to  1, 
but  the  support  span-to-depth  ratio  must  be  increased 
for  compKite  laminates  having  relatively  low  shear 
strength  in  the  plane  of  the  laminate  and  relatively 
high  tensile  strength  parallel  to  the  support  span. 

7.  Number  of  Test  Specimens 

7. 1  At  least  five  specimens  shall  be  tested  for 
each  sample  in  the  case  of  isotropic  materials 
or  molded  specimens. 

7.2  For  each  sample  of  anisotropic  material 
in  sheet  form,  at  least  five  specimens  shall  be 
tested  for  each  of  the  following  conditions. 
Recommended  conditions  are  flatwise  and 
edgewise  tests  on  specimens  cut  in  lengthwise 
and  crosswise  directions  of  the  sheet.  For  pur¬ 
poses  of  this  lest,  “lengthwise”  shall  designate 
the  principal  axis  of  anisotropy  and  shall  be 
interpreted  to  mean  the  direction  of  the  sheet 
known  to  be  stronger  in  flexure.  “Crosswise” 
shall  be  the  sheet  direction  known  to  be  the 
weaker  in  flexure,  and  shall  be  at  90°  to  the 
lengthwise  direction. 

8.  Conditioning 

8.1  Conditioning — Condition  the  test  speci¬ 
mens  at  23  ±  2°C  (73.4  ±  3.6°F)  and  50  ±  5  % 
relative  humidity  for  not  less  than  40  h  prior  to 
test  in  accordance  with  Procedure  A  of  Meth¬ 
ods  D  618  for  those  tests  where  conditioning  is 
required.  In  cases  of  disagreement,  the  toler-N 
ances  shall  be  ±rC  (±1.8*F)  and  ±2  %  relative 
humidity. 

8.1.1  Note  that  for  some  hygroscopic  mate¬ 
rials,  such  as  nylons,  the  material  specifications 
(for  example.  Specification  D  4066)  call  for  test¬ 
ing  “dry  as-molded  specimens”.  Such  require¬ 
ments  take  precedence  over  the  above  routine 
preconditioning  to  50  %  RH  and  require  scaling 
the  specimens  in  water  vapor-impermeable  con- 
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tainers  as  soon  as  molded  and  not  removing  them 
until  ready  for  testing. 

8.2  Test  Conditions — Conduct  tests  in  the 
Standard  Laboratory  Atmosphere  of  23  ±  2*C 
(73.4  ±  3.6°F)  and  50  ±  5  %  relative  humidity, 
unless  otherwise  specified  in  the  test  method 
or  in  this  specification.  In  cases  of  disagree¬ 
ment,  the  tolerances  shall  be  ±1°C  (±1.8®F) 
and  ±2  %  relative  humidity. 

9.  Procedure 

9. 1  Method  I —  Procedure  A : 

9.1.1  Use  an  untested  specimen  for  each 
measurement.  Measure  the  width  and  depth  of 

j  the  specimen  to  the  nearest  0.03  mm  (0.(X)1  in.) 

at  the  center  of  the  suppon  span.  For  specimens 
I  less  than  2.54  mm  (0. 100  in.)  in  depth,  measure 
I  the  depth  to  the  nearest  0.003  mm  (0.0001  in.). 
I  9.1.2  Determine  the  support  span  to  be  used 
j  as  described  in  Section  6  and  set  the  support 
I  span  to  within  1  %  of  the  determined  value. 

>  9.1.3  If  Table  1  is  used,  set  the  machine  to 

the  specified  rate  of  crosshead  motion,  or  as 
near  as  possible  to  it.  If  Table  1  is  not  used, 
calculate  the  rate  of  crosshead  motion  as  fol- 

Ilows  and  set  the  machine  for  the  calculated 
rate,  or  as  near  as  possible  to  it: 

i/t-ZLV64  (1) 

where; 

R  =  rate  of  crosshead  motion,  mm  (in.)/min, 

'  L  =  suppon  span,  mm  (in.), 

I  d  ^  depth  of  beam,  mm  (in.),  and 

:  Z  =  rale  of  straining  of  the  outer  fiber,  mm/ 

I  mm -min  (in./in. -min).  Z  shall  equal 

]  0.01. 

i  In  no  case  shall  the  actual  crosshead  rate  differ 
from  that  specified  by  Table  1.  or  that  calcu¬ 
lated  from  Eq  1,  by  more  than  ±50  %. 

9. 1 .4  Align  the  loading  nose  and  supports  so 
that  the  autes  of  the  cylindrical  surfaces  are 
parallel  and  the  loading  nose  is  midway  be¬ 
tween  the  supports.  The  parallelism  may  be 
checked  by  means  of  a  plate  with  parallel 
grooves  into  which  the  loading  nose  and  sup¬ 
ports  will  fit  when  properly  ahgned.  Center  the 
specimen  on  the  supports,  with  the  long  axis  of 
the  specimen  perpendicular  to  the  loading  nose 
and  supports. 

9.1.5  Apply  the  load  to  the  specimen  at  the 
specified  crosshead  rate,  and  take  simultaneous 
load-deflection  data.  Measure  deflection  either 
by  a  gage  under  the  specimen  in  contact  with 
ii  at  the  center  of  the  support  span,  the  gage 


being  mounted  stationary  relative  to  the  speci¬ 
men  supports,  or  by  measurement  of  the  motion 
of  the  loading  nose  relative  to  the  supports.  In 
either  case,  make  appropriate  corrections  for 
indentation  in  the  specimens  and  deflections  m 
the  weighing  system  of  the  machine.  Load-de¬ 
flection  curves  may  be  plotted  to  determine  the 
flexural  yield  strength,  secant  or  tangent  mod¬ 
ulus  of  elasticity,  and  the  total  work  measured 
by  the  area  under  the  load-deflection  curve.  * 

9.1.6  Terminate  the  test  if  the  maximum 
strain  in  the  outer  fibers  has  reached  0.05  mm/ 
mm  (in  /in.)  (Notes  8  and  9).  The  deflection 
at  which  this  strain  occurs  may  be  calculated 
by  letting  r  equal  0.05  mm/mm  (in./in.)  as 
follows: 

D  -  rLV64  (2) 

where: 

D  »  midspan  deflection,  mm  (in.), 
r  =  strain,  mm/nun  (in./m.), 

L  =  suppon  span,  mm  (in.),  and 
d  =  depth  of  beam,  mm  (in.). 

Note  8 — For  some  materials  the  increase  in  strain 
rate  provided  under  Procedure  B  may  induce  ihe 
specimen  to  yield  or  rupture,  or  both,  within  the 
required  S  %  strain  limit. 

Note  9 — Beyond  5  %  strain,  these  test  methods  are 
not  applicable,  and  some  other  property  might  be  mea¬ 
sured  (for  example  Test  Method  D  638  may  be  consid¬ 
ered). 

9.2  Method  n — Procedure  A: 

9.2.1  See  9.1.1 

9.2.2  Sec  9.1.2. 

9.2.3  If  Table  2  or  3  is  used,  set  the  machine 
as  close  as  possible  to  the  specified  rate  of 
crosshead  motion.  If  Table  2  or  3  is  net  used, 
calculate  the  rate  of  crosshead  motion  as  fol¬ 
lows.  and  set  the  machine  as  near  as  possible  to 
that  calculated  rate  for  a  load  span  of  one-third 
of  the  suppon  span: 

R  “  O.lSSZL^/d  (la) 

For  a  load  span  of  one-half  of  the  support 
span; 

JR -0. 167 ZLVd  (lb) 

where: 

R  *  rate  of  crosshead  motion,  mm  (in.)/min, 
L  support  span,  mm  (in.), 
d  depth  of  beam,  mm  (in.),  and 
Z  =  rate  of  straining  of  the  outer  fibers,  mm/ 
mm  (in./in.)-min,  Z  shall  equal  0.01. 

In  no  case  shaU  the  actual  crosshead  rate  differ 
from  that  specified  by  Table  2  or  3.  or  that 
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calculated  from  £q.  la  or  lb,  by  more  than 
±50  %. 

9.2.4  Align  the  loading  noses  and  supports 
so  that  the  axes  of  the  cylindrical  surfaces  arc 
parallel  and  the  load  span  is  either  one-third  or 
one-half  of  the  support  span.  This  parallelism 
may  be  checked  by  means  of  a  plate  containing 
parallel  grooves  into  which  the  loading  noses 
and  supports  will  fit  when  properly  aligned. 
Center  the  specimen  on  the  supports,  with  the 
long  axis  of  the  specimen  perpendicular  to  the 
loading  noses  and  supports.  The  loading  nose 
assembly  shall  be  of  the  type  which  will  not 
rotate. 

9.2.5  Apply  the  load  to  the  specimen  at  the 
specified  crosshead  rate,  and  take  simultaneous 
load-deflection  data.  Measure  deflection  by  a 
gage  under  the  specimen  in  contact  with  it  at 
the  common  center  of  the  spans,  the  gage  being 
mounted  stationary  relative  to  the  specimen 
supports.  Make  appropriate  corrections  for  in¬ 
dentation  in  the  specimens  and  deflections  in 
the  weighing  system  of  the  machine.  Load-de¬ 
flection  curves  may  be  plotted  to  determine  the 
flexural  yield  strength,  secant  or  tangent  mod¬ 
ulus  of  elasticity,  and  the  total  work  measured 
by  the  area  under  the  load-deflection  curve. 

9.2.6  If  no  break  has  occurred  in  a  specimen 
by  the  time  the  maximum  strain  in  the  outer 
fibers  has  reached  0.05  mm/mm  (in./in.),  dis¬ 
continue  the  test  (Notes  8  and  9).  The  deflection 
at  whicL  this  strain  occurs  may  be  calculated 
by  letting  r  equal  0.05  mm/mm  (in./in.)  as 
follows  for  a  load  span  of  one-third  of  the 
support  span: 

D  <■  0.2  \rL^/d  (2a) 

For  a  load  span  of  one-half  of  the  support 
span: 

D  «  Q.lirL^ld  (2b) 

where: 

D  =*  midspan  deflection,  mm  (in.), 
r  »  strain,  nun  per  mm  (in.  per  in.), 

L  =»  support  span,  mm  (in.),  and 
d  *=  depth  of  beam,  mm  (in.). 

9.3  Methods  I  and  II,  Procedure  B: 

9.3.1  Use  an  untested  specimen  for  each 
measurement. 

9.3.2  Test  conditions  shall  be  identical  to 
those  described  in  9. 1  or  9.2,  except  that  the  rate 
of  straining  of  the  outer  fibers  shall  be  0. 10  mm/ 
mm  (in./in.)/min. 

9.3.3  If  no  break  has  occurred  in  the  spcci- 
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men  by  the  time  the  maximum  strain  in  the 
outer  fibers  has  reached  0.05  mm/mm  (in./in.), 
discontinue  the  test  (Note  9). 

10.  Retests 

10.1  Values  for  properties  at  rupture  shall 
not  be  calculated  for  any  specimen  that  breaks 
at  some  obvious,  fortuitous  flaw,  unless  such 
flaws  constitute  a  variable  being  studied.  Re¬ 
tests  shall  be  made  for  any  specimen  on  which 
values  are  not  calculated. 

11.  Calculations 

11.1  Maximum  Fiber  Stress,  Method  I — 
When  a  beam  of  homogeneous,  elastic  material 
is  tested  in  flexure  as  a  simple  beam  supported 
at  two  points  and  loaded  at  the  midpoint,  the 
maximum  stress  in  the  outer  fibers  occurs  at 
midspan.  This  stress  may  be  calculated  for  any 
point  on  the  load-deflection  curve  by  the  fol¬ 
lowing  equation  (Notes  10  and  1 1): 

S~iPL/2b(P  (3) 

where: 

S  “  stress  in  the  outer  fibers  at  midspan.  N/ 
m^  (psi), 

P  -  load  at  a  given  point  on  the  load-deflec¬ 
tion  curve,  N  (Ibf), 

L  ■=  support  span,  m  (in.), 
b  “  width  of  beam  tested,  m  (in.),  and 
d  «  depth  of  beam  tested,  m  (in.). 

Note  10— Equation  3  applies  strictly  to  materials 
for  which  the  stress  is  linearly  proportional  to  strain 
up  to  the  point  of  rupture  and  for  which  the  strains 
are  small.  Since  this  is  not  always  the  case,  a  slight 
error  will  be  introduced  in  the  use  of  this  equation. 
The  equation  will,  however,  be  valid  for  comparison 
data  and  specification  values  up  to  the  maximum  fiber 
strain  of  5  %  for  specimens  tested  by  the  procedure 
herein  described.  It  should  be  noted  that  the  maximum 
stress  may  not  occur  in  the  outer  fibers  for  a  highly 
orthotropic  laminate’.  Laminated  beam  theory  must  be 
applied  to  determine  the  maximum  tensile  stress  at 
Mure.  Thus,  Eq  3  yields  an  apparent  strength  based 
on  homogeneous  be^  theory.  This  apparent  strength 
is  highly  dependent  on  the  ply-stacking  sequence  for 
highly  orthotropic  laminates. 

Note  1 1 — The  above  calculation  is  not  valid  if 
the  specimen  is  slipping  excessively  between  the  sup¬ 
ports. 

1 1 .2  Maximum  Fiber  Stressfor  Beams  Tested 


’  For  the  tbeoietical  details,  see  Whitney.  J.  M..  Browning, 
C.  E..  and  Mair.  A.,  "Analysis  of  the  Flexure  Test  for  Laminated 
Compoaaie  Materials,''  Composite  Matenais:  Testing  and  De¬ 
sign  (Third  Conference),  ASTM  STP  546,  1974,  pp.  30-45. 
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at  Large  Support  Spans,  Method  I — If  support 
span-to-depth  ratios  greater  than  16  to  1  are 
used  such  that  deflections  in  excess  of  10  %  of 
the  support  span  occur,  the  maximum  stress  for 
a  simple  beam  can  be  reasonably  approximated 
with  the  following  equation  (Note  12): 

S  -  OPLIlbcP) 

•  ( I  +  HDJLf  -  4{<//L){/>/L)]  (3a) 

where  5,  P,  L,  b,  and  d  are  the  same  as  for  £q 
3  and  is  the  d'tflection  in  m  (in.)  of  the 
centerline  of  the  specimen  at  the  middle  of  the 
support  span. 

Note  12 — When  large  support  span-io-depth  ra¬ 
tios  are  used,  significant  end  forces  are  developed  at 
the  supports  which  afTea  the  moment  in  a  simply 
supported  beam.  An  approximate  correction  factor  is 
given  in  £q  3a  to  correct  for  these  end  forces  in  large 
support  span-to-depth  ratio  beams  where  relatively 
large  deflections  exist. 

11.3  Maximum  Fiber  Stress.  Method  II — 
When  a  beam  is  loaded  in  flexure  at  two  central 
points  and  supported  at  two  outer  points,  the 
maximum  stress  in  the  outer  fibers  occurs  be¬ 
tween  the  two  central  loading  points  that  define 
the  load  span  (Fig.  2).  This  stress  may  be 
calculated  for  any  point  on  the  load-deflection 
curve  for  relatively  small  deflections  by  the 
following  equation  for  a  load  span  of  one-third 
of  the  support  span  (Note  13): 

S  -  PL/bd^  (3b) 

For  a  load  span  of  one-half  of  the  support 
span: 

5  -  ^PL/Abd^  (3c) 

where; 

S  =  stress  in  the  outer  fiber  throughout  the 
load  span,  N/m^  (psi), 

P  =  load  at  a  given  point  on  the  load-deflec¬ 
tion  curve,  N  (Ibf), 

L  =  support  span,  m  (in.), 
b  ^  width  of  beam,  m  (in.),  and 
d  =  depth  of  beam,  m  (in.). 

Note  13 — The  limitations  deflned  for  Eq  3  in 
Notes  10  and  1 1  apply  also  to  Eq  3a,  3b,  3c,  3d,  and 
3e. 

11.4  Maximum  Fiber  Stress — Method  II — 
for  Beams  Tested  at  Large  Support  Spans — If 
support  span-to-depth  ratios  greater  than  16  to 
1  are  used  with  resultant  deflections  in  excess 
of  10%  of  the  support  span  occuring,  the  max¬ 
imum  stress  may  be  reasonably  approximated 
with  the  following  formula  for  a  load  span  of 
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one-third  of  the  support  span: 

S  -  (PLIbdP) 

-  [  1  +  (A.lODfL^)  -  (IMDd/L^)]  (3d) 

For  a  load  span  of  one-half  of  the  support 
span: 

S  -  (3PZ./4W*)-[l-(10.91Dd/L*))  (3e) 

where  S,  P,  L,  b,  and  d  arc  the  same  as  for  Eq 
3b  and  D  »  maximum  deflection  of  the  center 
of  the  beam  in  m  (in.). 

11.5  Flexural  Strength  (Modulus  of  Rup¬ 
ture) — The  flexural  strength  is  equal  to  the 
maximum  stress  in  the  outer  fibers  at  the  mo¬ 
ment  of  break  (for  highly  orthotropic  lami¬ 
nates,  see  Note  10).  It  is  calculated  in  accord¬ 
ance  with  Eq  3,  3a,  3b,  3c,  3d,  and  3e  by  letting 
P  equal  the  load  at  the  moment  of  break.  If  the 
material  does  not  break,  this  pan  of  the  test  is 
not  applicable.  In  this  case,  it  is  suggested  that 
yield  strength,  if  apphcable,  be  calculated  and 
that  the  corresponding  strain  be  reponed  also 
(see  11.6,  11.8,  and  11.9). 

11.6  Flexural  Yield  Strength — Some  mate¬ 
rials  that  do  not  break  at  outer  fiber  strains  up 
to  5  %  may  give  load-deflection  curves  that 
show  a  point,  Y,  at  which  the  load  does  not 
increase  with  an  increase  in  deflection.  In  such 
cases,  the  flexural  yield  strength  may  be  cal¬ 
culated  in  accordance  with  Eq  3,  3a.  3b,  or  3c 
by  letting  P  equal  the  load  at  point  Y. 

11.7  Flexural  Offset  Yield  Strength-Offset 
yield  strength  is  the  stress  at  which  the  stress- 
strain  curve  deviates  by  a  given  strain  (offset) 
from  the  tangent  to  the  initial  straight  line 
portion  of  the  stress-strain  curve.  The  value  of 
the  offset  must  be  given  whenever  this  property 
is  calculated. 

Note  14 — This  value  may  differ  from  flexural  yield 
strength  defined  in  1 1.6.  Both  methods  of  calculation 
are  described  in  the  Annex  to  Test  Method  D  638. 

1 1 .8  Stress  at  a  Given  Strain — The  maximum 
fiber  stress  at  any  given  strain  may  be  calcu¬ 
lated  in  accordance  with  Eq  3,  3a,  3b.  3c,  3d, 
and  3e  by  letting  P  equal  the  load  read  from 
the  load-deflection  curve  at  the  deflection  cor¬ 
responding  to  the  desired  strain  (for  highly 
orthotropic  laminates,  see  Note  10). 

11.9  Maximum  Strain,  Method  I — The  max¬ 
imum  strain  in  the  outer  fibers  also  occurs  at 
midspan,  and  may  be  calculated  as  follows; 

r  -  6£>d/L"  (4) 


402 


where: 

r  »=  maximum  strain  in  the  outer  fibers,  mm/ 
mm  (in./in.), 

D  **  maximum  deflection  of  the  center  of  the 
beam,  mm  (in.), 

L  *  support  span,  mm  (in.),  and 
d  =  depth,  mm  (in.). 

11.10  Maximum  Strain,  Method  II — The 
maximum  strain  in  the  outer  fibers  also  occur 
at  midspan,  and  may  be  calculated  as  follows 
for  a  load  span  of  one-third  of  the  support 
span; 

r  -  4.70Dd/L-  (4a) 

For  load  span  of  one-half  of  the  support  span: 

r  -  AMDdlL^  (4b) 

where  D,  d,  L,  and  r  are  the  same  as  for  Eq  2a. 

11.11  Modulus  of  Elasticity: 

11. 11.1  Tangent  Modulus  of  Elasticity, 
Method  I — The  tangent  modulus  of  elasticity, 
often  called  the  ‘  modulus  of  elasticity,"  is  the 
ratio,  within  the  elastic  limit  of  stress  to  corre¬ 
sponding  strain  and  shall  be  expressed  in  new¬ 
tons  per  square  meter  (pounds  per  square  inch). 
It  is  calculated  by  drawmga  tangent  to  the 
steepest  initial  ^raight-lineportum^if  the  load- 
“defieciion  car^e  and  uSlng^q  5  (roc  highly 
anisotrop^  composites,  see  Note  15).  j 

(  EB~L^ml4bd^  J  (5) 

where; 

Eb  “  moduluTSfelasticity-nrSending,  N/m* 

(psi), 

L  =  support  span,  m  (in.), 
b  =  width  of  beam  tested,  m  (in.). 
d  —  depth  of  beam  tested,  m  (in.),  and 
m  =  slope  of  the  tangent  to  the  initial 
straight-line  portion  of  the  load-deflec¬ 
tion  curve,  N/m  Obf/in  )  of  deflection. 

Note  1 5 — Shear  deflections  can  seriously  reduce  the 
apparent  modulus  of  highly  anisotropic  composites 
when  they  are  tested  at  low  span-to-deptfa  ratios*.  For 
this  reason,  a  span-to-depth  ratio  of  60  to  1  is  recom¬ 
mended  for  flexural  modulus  determinations.  Flexural 
strength  should  be  determined  on  a  separate  set  of 
replicate  specimens  at  a  lower  span-to-depth  ratio  that 
induces  tensile  failures  in  the  outer  fibers  of  the  beam 
along  its  lower  face.  Since  the  flexural  modulus  of  highly 
anisotropic  laminates  is  a  critical  function  of  ply-stack¬ 
ing  sequence,  it  will  not  necessarily  correlate  with  ten¬ 
sile  modulus,  which  is  not  stacking-sequence  depend¬ 
ent. 

11.11.2  Tangent  Modulus  of  Elasticity, 
Method  //—The  tangent  modulus  of  elasticity 
is  the  ratio,  within  the  clastic  limit,  of  stress  to 
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corresponding  strain  and  shall  be  expressed  in 
newtons  per  square  meter  (pounds  per  square 
inch).  It  is  calculated  by  drawing  a  tangent  to 
the  steepest  initial  straight-line  portion  of  the 
load-deflection  curve  and  using  Eq  5a  for  a 
load  span  of  one-third  the  support  span,  and 
Eq  Sb  for  a  load  span  of  one-h^of  the  support 
span,  as  follows: 

£8 -0.2 1 1’ m/iwf*  (5a) 

£8 -O.l/LVix/’  (5b) 

where  Eb,  m,  L,  b,  and  d  are  the  same  as  for  Eq 
5  (for  highly  anisotropic  composites,  sec  Note 
15). 

11.11.3  Secani  Modulus  of  Elasticity — The 
secant  modulus  of  elasticity  is  the  ratio  of  stress 
to  corresponding  strain  at  any  given  point  on 
the  stress-strain  curve,  or  the  slope  of  the 
straight  line  that  Joins  the  origin  and  a  selected 
point  on  the  actual  stress-stram  curve.  It  shall 
be  expressed  in  newtons  per  square  meter 
(pounds  per  square  inch).  The  selected  point  is 
generally  chosen  at  a  specified  stress  or  stram. 
It  is  calculated  in  accordance  with  Eq  5  or  5a 
by  letting  m  equal  the  slope  of  the  secant  to  the 
load-deflection  curve. 

11.12  Arithmetic  Mean — For  each  series  of 
tests,  the  arithmetic  mean  of  all  values  obtained 
shall  be  calculated  to  three  significant  figures 
and  reported  as  the  “average  value”  for  the 
particular  property  in  question. 

11.13  Standard  Deviation —  The  standard  de¬ 
viation  (estimated)  shall  be  calculated  as  fol¬ 
lows  and  reported  in  two  significant  figures: 

where; 

J  =  estimated  standard  deviation, 

X  =  value  of  single  observation. 
n  »  number  of  observations,  and 
X  »  arithmetic  mean  of  the  set  of  observa¬ 
tions. 

11.4  See  Appendix  XI  for  information  on 
toe  compensation. 

12.  Report 

12.1  The  report  shall  include  the  following: 


‘  For  a  discussion  ot  these  effects,  see  Zweben.  C.,  Smith.  W. 
S..  and  Wardle,  M,  W„  “Test  Methods  for  Fiber  Tensile 
Strength,  Composite  Resurai  Modulus,  and  Properties  of  Fab- 
ric-RLiiiiurxxd  Laminates.*  Composite  Matenais:  Testing  and 
Design  (Fifth  Conference),  ASTM  STP  674,  !979.  pp.  228-262. 
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1—1.1  woiupicic  ivicutuiciiLion  oi  Lae  mate¬ 
rial  tested,  including  type,  source,  manufac¬ 
turer’s  code  number,  form,  principal  dimen¬ 
sions,  and  previous  history.  For  laminated  ma¬ 
terials,  ply-stacking  sequence  shall  be  reported. 

12. 1 .2  Direction  of  cutting  and  loading  spec¬ 
imens. 

12.1.3  Conditioning  procedure. 

12.1.4  Depth  and  width  of  specimen. 

12.1.5  Method  used. 

12.1.6  Procedure  used. 

12.1.7  Support  span  length. 

1 2. 1 . 8  Support  span-to-depth  ratio. 

1 2. 1 .9  Radius  of  supports  and  loading  noses. 

12.1.10  Rate  of  crosshead  motion. 

12.1.1 1  Maximum  strain  in  the  outer  fibers 
of  the  specimen. 

.  ...1.12  Flexural  strength  (if  applicable),  av¬ 
erage  value,  and  standard  deviation. 

12.1.13  Tangent  or  secant  modulus  of  elas¬ 


ticity  m  Denamg,  average  value,  standard  de¬ 
viation,  and  the  strain  level  used  if  secant  mod¬ 
ulus. 

12.1.14  Flexural  yield  strength  (if  desired), 
average  value,  and  standard  deviation. 

12.1.15  Flexural  offset  yield  strength  (if  de¬ 
sired).  with  offset  or  strain  used,  averse  value, 
and  standard  deviation. 

12.1.16  Stress  at  any  given  strain  up  to  and 
including  5  %  (if  desired),  with  strain  used, 
average  value,  and  standard  deviation. 

13.  Precision 

13.1  Reproducibility  between  specimens  is 
approximately  ±5  %  for  homogeneous  mate¬ 
rials  tested. 

13.2  Round-robin  test  data  on  flexural 
method  comparisons  are  on  file  at  ASTM 
Headquarters  as  RR  67:D-20. 
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TABLE  2  Rccoomcadcd  Dineasioas  for  Test  Specimens  of  ScctkMS  &3  ud  &5  for  Various  SopfMirt  S|pBB-to-I>qKb 

RaligafSeeNottT) 

Method  II  |4-Point  Loading  at  M  Points.  Fig.  2(A)] 


pjominal  Speci¬ 
men  Depth, 
mm  (in.) 

Specimen 
Width,  mm 
(in.) 

Specimen  Length.  Support  Span,  mm 
mm  (in.)  (in.) 

Load  Span,  mm  (in.) 

Rate  of  Cross- 
head  Motion 
(Procedure  A) 
mm  (ui.)/min^ 

L/d  >  16  to  1 

1.6  (H.) 

25(1) 

51  (2) 

25  (1) 

8.4  (0.33) 

0.7  (0.03) 

2.4  (%j) 

25(1) 

64  (2H) 

38  (IH) 

12.7  (030) 

l.l  (0.04) 

3.2  (Vi) 

25(1) 

76  (3) 

51  (2) 

17.0  (0.67) 

13  (0.06) 

4.8  (3i«) 

13(H) 

102  (4) 

76  (3) 

25.4  (1. 00) 

2J  (0.09) 

6.4  (Vi) 

13  (H) 

127  (5) 

102  (4) 

33.8  (1.33) 

3.0 (0.1 1) 

9.6(H) 

13  (H) 

190  (7H) 

152  (6) 

50.8  (2.00) 

43(0.18) 

12.7  (H) 

13(H) 

.  254  (10) 

203  (8) 

67.8  (2.67) 

6.0  (0.24) 

19.1  (H) 

19  (H) 

381  (IS) 

305  (12) 

102  (4.00) 

9.0  (0.35) 

25.4(1) 

25  (.1) 

495  (19H) 

406  (16) 

135  '2) 

12.0(0.48) 

Lid- 22 1  1 

1.6  (Vis) 

25(1) 

76  (3) 

51  (2) 

17.0  (0.67) 

3.0(0.11) 

2.4  (Hi) 

25(1) 

102  (4) 

76  (3) 

25.4  (l.OO) 

4.5  (0.18) 

3.2  (Vi) 

25(1) 

127  (5) 

102  (4) 

33.8  (1.33) 

6.0  (0.24) 

4.8  (H.) 

13  (H) 

190  (7H) 

165  (6H) 

55.1  (2.!  7) 

10.5(0.41) 

6.4  (H) 

13(H) 

254  (10) 

203  (8) 

67  8  (2.67) 

11.9(0.48) 

9.6  (H) 

13(H) 

381  (IS) 

305  (12) 

102  (4) 

17.9(0.71) 

12.7  (H) 

13(H) 

495  (19H) 

406  (16) 

135  (5.3) 

24.1  (0.95) 

19.1  (H) 

19  (H) 

737  (29) 

610  (24) 

204  (8.0) 

36.0(1.42) 

25.4(1) 

25(1) 

991  (39) 

813  (32) 

271  (10.7) 

48.1  (1.89) 

Ltd  -  40  to  1 

1.6  (Vi.) 

25(1) 

89  (3H) 

63  (2H) 

21.2  (0.83) 

4.6  (0.19) 

2.4  (Hj) 

25(1) 

121  (4H) 

95  (3H) 

31.8  (1.25) 

7.0(0.27) 

3.2  (V.) 

25(1) 

178  (7) 

127  (5) 

42.4  (1.67) 

9.3  (0.37) 

4.8  (H«l 

13(H) 

241  (9H) 

190  (7H) 

63.5  (2.50) 

13.9  (0.56) 

6.4  (H) 

13(H) 

330  (13) 

254  (10) 

84.6  (3.33) 

18.7  (0.74) 

9.6  (H) 

13(H) 

483  (19) 

381  (15) 

127  (5.0) 

28.0(1.11) 

12.7  (Vi) 

13(H) 

635  (25) 

508  (20) 

169  (6.7) 

37.6(1.48) 

19.1  (H) 

19  (H) 

940  (37) 

762  (30) 

254  (10.0) 

56.2  (2.22) 

2:4(1) 

25(1) 

1245  (49) 

1016  (40) 

338  (13.3) 

75.1  (2.96) 

i/d  -  60  to  1 


1.6  (Vi.) 

25(1) 

124  (4H) 

95  (3H) 

31.7  (IH) 

104(0.41) 

2.4  (H») 

25(1) 

185  (THi) 

143  (5H) 

47  6  (IH) 

15.8  (0.62) 

3.2  (V«) 

25(1) 

247  (9H) 

190  (7H) 

63.3  {2H) 

20.9  (0.82) 

4.8  (H«) 

13(H) 

372  (14H) 

286  (11  Vi) 

95.3  (3H) 

31.5(1.24) 

6.4  (H) 

13(H) 

495  (19H) 

381  (15) 

127 

(5) 

41.9(1.65) 

9.6  (H) 

13(H) 

744  {29H.) 

572  (22H) 

191 

(7H) 

63.1  (2.48) 

12.7  (H) 

13(H) 

991  (39) 

762  (30) 

254 

(10) 

84.6  (3.33) 

19.1  (H) 

19(H) 

1486  (58  H> 

1143  (45) 

381 

(15) 

127  (5.00) 

25.4(1) 

25  (1) 

1981  (78) 

1524  (60) 

508 

(20) 

169  (6.66) 

'*  Rales  udicated  are  for  Procedure  A  where  strain  rate  is  0.01  mm/mni-mui  (0.01  in. /m. -min)  To  obtain  rates  for 
ProcedureB  where  strain  rate  is  O.iO  ffim/mis-niin  (0.10in./in.-nun).multiply  these  values  by  10.  Procedure  A  is  to  be  used 
for  ail  specificatioii  purposes,  unless  otherwise  stated  in  the  speciTicauoos.  See  9.2.3  for  the  method  of  calculation. 
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TABLE  3  RccoauBeadcdDimcasioBsfflr  Test  SpccinMos  of  Scctioafi3  and  63  for  Virioia  Support  Stui-ti>>Dc^ 

Ratios  (See  Note  S) 

Method  II  (4-Poiat  Loading  at  V4  Potnia.  Pig.  2(B)] 


Nominal  Sped- 
men  Depth, 
mm  (in.) 

Specimen 
Width,  mm 
(in.) 

Specimen  Length,  Support  Span,  mm 
mm  (in.)  (in.) 

Load  Span,  mm  (in.) 

Rate  of  Cross- 
head  Motion 
(Procedure  A) 
mm  (tn.)/min'* 

L/d-  1610  1 

1.6  (Vis) 

25(1) 

51  (2) 

25  (1) 

12.5 

(0.50) 

0.8  (0.03) 

2.4  (%i) 

25(1) 

64  (2Vi) 

38  (IVi) 

19.0 

(0.75) 

1.0  (0.04) 

•  3  J  (Vi) 

25(1) 

76  (3) 

51  (2) 

25J 

(1) 

1.3  (0.05) 

4.8  (3is) 

13  (Vi) 

102  (4) 

76  (3) 

38 

(1-50) 

2.0  (0.08) 

6.4  (V*) 

13  (Vi) 

127  (5) 

102  (4) 

51 

(2) 

2.8(0.11) 

9.6  (%) 

13  (Vi) 

190  (7W) 

152  (6) 

76 

(3) 

4.1  (0.16) 

12.7  (Vi) 

13  (Vi) 

254  (10) 

203  (8) 

102 

(4) 

5J  (0.21) 

19.1  <y<) 

19  (Vs) 

381  (15) 

305  (12) 

153 

(6) 

8.1  (0J2) 

25.4  (1) 

.  25(1) 

495  (19Vi) 

406  (16) 

203 

(8) 

10.9(0.43) 

L/d  -  32  to  1 

1.6  (Vis) 

25(1) 

76  (3) 

51  (2) 

25.5 

(1) 

2.8(0.11) 

2.4  (%i) 

25(1) 

102  (4) 

76  (3) 

38 

(1.50) 

4.1  (0.16) 

(Vi) 

25(1) 

127  (5) 

102  (4) 

51 

(2) 

5.3  (Oai) 

4.8  (Vis) 

13  (Vi) 

190  (7Vi) 

165  (6Vi) 

82.5 

(3.25) 

8.1  (0.32) 

6.4  (Vs) 

13  (Vi) 

254  (10) 

203  (8) 

102 

(4) 

10.9  (0.43) 

9.6  (Vi) 

13  (Vi) 

381  (15) 

305  (12) 

153 

(6) 

16.3  (0.64) 

12.7  (Vi) 

13  (Vi) 

495  (l9Vi) 

406  (16) 

203 

(8) 

21.6  (0.85) 

19.1  (Vs) 

19  (Vs) 

737  (29) 

610  (24) 

305 

(12) 

32.5(1.28) 

25.4(1) 

25(1) 

991  (39) 

813  (32) 

407 

(16) 

43  4(1  71) 

l/d  -  40  to  I 

1.6  (Vis) 

25(1) 

89  (3Vi) 

63  (2Vi) 

31.5 

(1.25) 

4.3  (0.17) 

2.4  (Vn) 

25(1) 

121  (4Vs) 

95  (3Vs) 

47.5 

(1.88) 

6.4  (0.25) 

3.2  (Vi) 

25(1) 

178  (7) 

127  (5) 

63.5 

(2.50) 

8.4  (0J3V 

4.8  (Vis) 

13  (Vi) 

241  (9Vi) 

190  (7Vi) 

95.0 

(3.75) 

12.7  (0.50) 

6.4  (Vs) 

13  (Vi) 

330  (13) 

254  (10) 

127 

(5.0) 

17.0  (0.67) 

9.6  (Vi) 

13  (Vi) 

483  (19) 

381  (15) 

191 

(7.5) 

25.4(1.00) 

12.7  (Vi) 

13  (Vi) 

635  (25) 

508  (20) 

254 

(10.0) 

34.0(1.34) 

19.1  (Vs) 

19  (Vs) 

940  (37) 

762  (30) 

381 

(15.0) 

50.8  (2.00) 

25.4(1) 

25(1) 

1245  (49) 

1016  (40) 

508 

(20.0) 

67.8  (2.67) 

L/d  -  «)  to  I 


1.6  (Vis) 

25(1) 

124  (43i) 

95  (3Vs) 

47.5  (1%) 

9.4  (0.37) 

2.4  (ViB) 

25(1) 

185  (7%s) 

143  (5Vi) 

71.5  {2‘V.,) 

14.2  (0.56) 

3.2  (Vi) 

25(1) 

247  (9Vs) 

190  (7Vi) 

95.0  (3Vs) 

18.8  (0.74) 

4.8  (V,s) 

13  (Vi) 

372  (14Vi) 

286  (UVs) 

143  (5Vi) 

28.4(1.12) 

6.4  (Vs) 

13  (Vi) 

495  (19Vi) 

381  (IS) 

191  (7Vi) 

37.8(1.49) 

9.6  (Vi) 

13  (Vi) 

744  (29Vis) 

572  (22Vi) 

286  (IIV.) 

56.8  (2.24) 

12.7  (Vi) 

13  (Vi) 

991  (39) 

762  (30) 

381  (15) 

76.2  (3.00) 

19.1  (Vs) 

19  (V.) 

1486  (58Vi) 

1143  (45) 

572  (22.5) 

114  (4.49) 

25.4(1) 

25(1) 

1981  (78) 

1524  (60) 

762  (30) 

152  (5.98) 

■*  Rates  indicated  are  for  Procedure  A  where  strain  rate  is  0.01  mm/aun-aun  (O.Ol  in./in.  -  min).  To  obtain  rates  for 
Procedure  B  where  strain  rate  is  0.10  mm/nun-minfO.  10  in./in. -min),  multiply  these  values  by  10.  Procedure  A  is  to  be  used 
for  all  speaficauon  purposes,  unless  otherwise  stated  in  the  specifications.  See  9  J.3  for  the  method  of  calculation. 
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(8) 

Note — {a)  Miiumum  radius  —  3.2  mm  (’A  in.).  (6) 
Maximum  radius  supports  *  1.5  limes  specimen 
depth,  maximum  radius  loading  nose  •«  4  times  spec¬ 
imen  depth. 

FIG.  1  Allowable  Raoce  of  Loadiag  Nose  and  Sappon  Radii 
for  Spcciaiea  6.4  aiai  (0.25  ia.)  Thick 


Note — (a)  Minimum  radius  ••  3.2  mm  (Vi  in.)- 
(6)  Maximum  radius  "  1.5  times  specimen  depth. 
FIG.  3  AllowaMe  Range  of  Loading  and  Support  Nooes 
Radii  for  Specimen  6.4  mm  (0.25  In.)  Thick 


appendix 


(Nonoiandatory  lofomtadoa) 


specimen.  In  order  to  obtain  correct  values  of  such 
parameters  as  modulus,  strain,  and  offset  yield  point, 
this  artifaa  must  be  compensated  for  to  give  the 
correaed  zero  point  on  the  strain  or  extension  axis. 

Xl.2  In  the  case  of  a  material  exhibiting  a  region 
of  Hookean  (linear)  behavior  (Fig.  XI. 1),  a  continu¬ 
ation  of  the  linear  {CD)  region  of  the  curve  is  con- 
struaed  through  the  zero-stress  axis.  This  intersection 
(B)  is  the  corrected  zero-strain  point  from  which  all 
extensions  or  strains  must  be  measured,  including  the 
yield  offset  (B£),  if  applicable.  The  elastic  modulus 
can  be  determined  by  dividing  the  stress  at  any  point 
along  the  line  CD  (or  its  extension)  by  the  strain  at 
the  same  point  (measured  from  point  B,  defined  as 


Note — Some  chan  recorders  plot  the  miiTor  image  of  this 
graph. 

FIG.  Xl.l  Material  with  Hookcao  Regioo 
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zero-strain). 

X1.3  In  the  case  of  a  material  that  does  not  exhibit 
any  linear  region  (Fig.  Xl.2),  the  same  kind  of  toe 
correaion  of  the  zero-strain  point  can  be  made  jy 
constructing  a  tangent  to  the  maximum  slope  at  the 
infiecion  point  (//').  This  is  extended  to  intersea  the 
strain  axis  at  point  B',  the  correaed  zero-strain  point. 
Using  point  B'  as  zero  strain,  the  stress  at  any  point 
((/')  on  the  curve  can  be  divided  by  the  strain  at  that 
point  to  obtain  a  secant  modulus  (slope  of  line  B' 
O').  For  those  materials  with  no  linear  region,  any 
attempt  to  use  the  tangent  through  the  infleaton 
point  as  a  basis  for  determination  of  an  offset  yield 
point  may  result  in  unacceptable  error. 


Note — Some  chart  recorden  plot  the  aurror  image  of  this 
graph. 

FIG.  Xl.2  Material  with  No  Hookcao  Regioo 


The  American  Society  for  Testing  and  Materials  takes  no  position  respecting  the  validity  of  any  patent  rights  asserted  m 
connection  with  any  item  mentioned  in  this  standard.  Users  of  this  standard  are  expressly  advised  rfcw  determination  of  the 
validity  of  any  such  patent  rights,  and  the  risk  of  mfringement  of  such  rights,  are  entirely  their  own  responsibility. 

This  standard  is  subjea  to  revision  at  any  time  by  the  responsible  technical  committee  and  must  be  reviewed  every  five  years  and 
tf  not  revised,  either  reapproved  or  withdrawn.  Your  comments  are  invited  either  for  revision  of  this  standard  or  for  additional 
standards  and  should  be  addressed  to  ASTM  fieodpuaners.  Your  comments  will  receive  careful  consideration  at  a  meeting  of  the 
responsible  technical  committee,  which  you  may  attend.  If  you  feel  that  your  commeras  have  not  received  a  fair  hearing  you  should 
make  your  views  known  to  the  ASTM  Committee  on  Starulards.  1916  Race  St..  Philadelphia,  Pa.  19IQ3. 
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Designation:  D  638  -  84 


Standard  Test  Method  for 

TENSILE  PROPERTIES  OF  PLASTICS' 


Thb  sundaid  is  issued  under  the  fixed  designation  D  638;  the  number  immediately  foliowing  the  designation  indicates  the  year  of 
ofigittai  adoption  or.  in  the  case  of  revision,  the  year  of  last  revision.  A  number  in  parentheses  indicates  the  year  of  last  leapproval. 
A  superscript  epsilon  (<)  indicates  an  editorial  change  since  the  last  revision  or  teapproval. 

This  method  has  been  approved  for  use  by  agencies  of  the  Department  of  Defense  and  for  listing  in  the  DoD  Index  of  Specifications 
and  Siandards. 


1.  Scope 

1 . 1  This  test  method  covers  the  determination 
of  the  tensile  properties  of  plastics  in  the  form  of 
standard  dumbbell-shaped  test  specimens  when 
tested  under  defined  conditions  of  pretreatment, 
temperature,  humidity,  and  testing  machine 
speed. 

1.2  This  test  method  can  be  used  for  testing 
materials  of  any  thickness  up  to  14  mm  (0.55 
in.).  However,  for  testing  specimens  in  the  form 
of  thin  sheeting,  including  film  less  than  1.0  mm 
(0.04  in.)  in  thickness,  Test  Method  D  882  is  the 
preferred  test  method.  Materials  with  a  thickness 
greater  than  14  mm  (0.55  in.)  must  be  reduced 
by  machining. 

Note  1 — A  complete  metric  companion  to  Test 
Method  D  638  has  ban  developed — D  638  M. 

Note  2 — This  test  method  is  not  intended  to  cover 
precise  physical  procedures.  It  is  recognized  that  the 
constant-rate-of-crosshead-movement  type  of  test 
leaves  much  to  be  desired  from  a  theoretic^  standpoint, 
that  wide  differences  may  exist  between  rate  of  cross- 
head  movement  and  rate  of  strain  between  gage  marks 
on  the  specimen,  and  that  the  testing  speeds  specified 
disguise  important  effects  characteristic  of  materials  in 
the  plastic  state.  Further,  it  is  realized  that  variations  in 
the  thicknesses  of  test  specimens,  which  are  permitted 
by  these  procedures,  produce  variations  in  the  surface- 
volume  ratios  of  such  specimens,  and  that  these  varia¬ 
tions  may  influence  the  test  results.  Hence,  where  di¬ 
rectly  comparable  results  are  desired,  ail  samples  should 
be  of  equal  thickness.  Special  additional  tests  should  be 
used  where  more  precise  physical  data  are  needed. 

Note  3 — This  test  meth^  may  be  useo  jot  testing 
phenolic  molded  resin  or  laminated  materials.  How¬ 
ever,  where  these  materials  are  used  as  electrical  insu¬ 
lation,  such  materials  should  be  tested  in  accordance 
with  ASTM  Method  D  229,  Testing  Rigid  Sheet  and 
Plate  Materials  Used  for  Electrical  Insulation,^  and 
ASTM  Method  D651,  Test  for  Tensile  Strength  of 
Molded  Electrical  Insulating  Materials.’ 


1 .3  This  siandard  may  involve  hazardous  ma¬ 
terials,  operations,  and  equipment.  This  standard 
does  not  purport  to  address  all  of  the  safety  prob¬ 
lems  associated  with  its  use.  It  is  the  responsibil¬ 
ity  of  whoever  uses  this  standard  to  consult  and 
establish  appropriate  safety  and  health  practices 
and  determine  the  applicability  of  regulatory  limi¬ 
tations  prior  to  use. 

2.  Applicable  Documents 

2.1  ASTM  Standards: 

D374  Test  Methods  for  Thickness  of  Solid 
Electrical  Insulation^* 

D618  Methods  of  Conditioning  Plastics  and 
Electrical  Insulating  Materials  for  Testing^ 

D882  Test  Methods  for  Tensile  Properties  of 
Thin  Plastic  Sheeting^ 

D883  Definitions  of  Terms  Relating  to 
Plasticr 

D4066  Specification  for  Nylon  Injection  and 
Extrusion  Materials  (PA)’ 

E  4  Methods  of  Load  Verification  of  Testing 
Machines’’ 

E  83  Method  of  Verification  and  Classification 
of  Extensometers’ 

3.  Significance  and  Use 

3.1  This  test  method  is  designed  to  produce 

'  Thu  lesl  method  u  under  the  jurisdtctioii  of  ASTM  Com¬ 
mittee  D-20  on  PUsua  and  is  the  direct  respomibiiity  of  Sub- 
commmee  D  20.10  on  Mechanical  Properties. 

Current  edition  approved  July  27, 1984.  PuUished  September 
1984,  Originally  published  as  D638  -41  T.  Last  previous  edi¬ 
tion  D  638  -  sia. 

*  Annual  Book  of  ASTM  Siandards.  Vol  08.0 1 . 

’  Annual  Book  of  ASTM  Standards,  Vol  10.0 1 

*  Annual  Book  of  ASTM  Standards.  Vol  10.02. 

’  Annual  Book  of  ASTM  Siandards.  Vol  08.03. 

‘  Annual  Book  of  ASTM  Standards,  Vol  03.01. 


227 


tensile  propeny  data  for  the  control  and  specifi¬ 
cation  of  plastic  materials.  These  data  are  also 
useful  for  qualitative  characterization  and  for 
research  and  development 

3.2  Tensile  properties  may  vary  with  speci¬ 
men  preparation  and  with  speed  and  environ¬ 
ment  of  testing.  Consequently,  where  precise 
comparative  results  are  desired,  these  factors 
must  be  carefuUy  controlled. 

3.2. 1  It  is  realized  that  a  material  cannot  be 
tested  without  also  testing  the  method  of  prepa¬ 
ration  of  that  material.  Hence,  when  comparative 
tests  of  materials  per  se  are  desired,  the  greatest 
care  must  be  exercised  to  errsure  that  ail  samples 
are  prepared  in  exactly  the  same  way,  unless  the 
test  is  to  include  the  effects  of  sample  prepara¬ 
tion.  Similarly,  for  referee  purposes  or  compari¬ 
sons  within  any  given  series  of  specimens,  care 
must  be  taken  to  secure  the  maximum  degree  of 
uniformity  in  details  of  preparation,  treatment, 
and  handling. 

3.3  Tensile  properties  may  provide  useful  data 
for  plastics  engineering  design  purposes.  How¬ 
ever,  because  of  the  high  degree  of  sensitivity 
exhibited  by  many  plastics  to  rate  of  straining 
and  environmental  conditions,  dau  obtained  by 
this  test  method  cannot  be  considered  valid  for 
applications  involving  load-time  scales  or  envi¬ 
ronments  widely  different  from  those  of  this  test 
method.  In  cases  of  such  dissimilarity,  no  reliable 
estimation  of  the  limit  of  usefulness  can  be  made 
for  most  plastics.  This  sensitivity  to  rate  of  strain¬ 
ing  and  environment  necessitates  testing  over  a 
broad  load-time  scale  (including  impaa  and 
creep)  and  range  of  environmental  conditions  if 
tensile  properties  are  to  suffice  for  engineering 
design  purposes. 

Note  4 — Since  the  existence  of  a  true  clastic  limit 
in  plastics  (as  in  many  other  organic  materials  and  in 
many  metals)  is  debauble,  the  propriety  of  applying 
the  term  “elastic  modulus”  in  its  quoted  genct^y  ac¬ 
cepted  definitioD  to  describe  the  “stiflfecss”  or  “rigidity” 
of  a  plastic  has  been  seriously  questioned.  The  exaa 
stress-strain  characteristics  of  plastic  materials  are 
highly  dependent  on  such  factors  as  rate  of  application 
of  stress,  temperature,  previous  history  of  specimen, 
etc.  However,  stress-strain  curves  for  plastics,  deter¬ 
mined  as  described  in  this  test  method,  almost  always 
show  a  linear  region  at  low  stresses,  and  a  straight  line 
drawn  ungent  to  this  portion  of  the  curve  permits 
calculation  of  an  elastic  modulus  of  the  usually  defined 
type.  Such  a  constant  is  useful  if  its  arbitrary  nature 
and  dependence  on  bme,  temperature,  and  similar 
factors  are  realized. 
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4,  Definitions 

4.1  Definitions  ofterms  applying  to  this  test 
method  appear  in  Definitions  D  883  and  An¬ 
nex  Al. 

5.  Apparatus 

5.1  Testing  Machine — A  testing  machine  of 
the  constant-ratc-of-crosshead-movement  type 
and  comprising  essentially  the  following: 

5.1.1  Fixed  Member — A  fixed  or  essentially 
stationary  member  carrying  one  grip. 

5.1.2  Movable  Member — A  movable  member 
carrying  a  second  grip. 

5. 1 .3  Grips — Grips  for  holding  the  test  speci¬ 
men  between  the  fixed  member  and  the  movable 
member.  The  grips  shall  be  self-aligning,  that  is, 
they  shall  be  attached  to  the  fixed  and  movable 
member,  respectively,  in  such  a  manner  that  they 
will  move  freely  into  alignment  as  soon  as  any 
load  is  applied,  so  that  the  long  axis  of  the  test 
specimen  will  coincide  with  the  direction  of  the 
applied  pull  through  the  center  line  of  the  grip 
assembly.  The  specimens  should  be  aligned  as 
perfealy  as  possible  with  the  direction  of  pull  so 
that  no  roury  motion  that  may  induce  slippage 
will  occur  in  the  grips;  there  is  a  limit  to  the 
amount  of  misalignment  self-aligning  grips  will 
accommodate. 

5.1.3.!  The  test  specimen  shall  be  held  in  such 
a  way  that  slippage  relative  to  the  grips  is  pre¬ 
vented  insofar  as  possible.  Grip  surfaces  that  are 
deeply  scored  or  serrated  with  a  pattern  similar 
to  those  of  a  coarse  single-cut  file,  serrations 
about  2.4  mm  {V32  in.)  apart  and  about  1.6  mm 
('/16  in.)  deep,  have  been  found  satisfactory  for 
most  thermoplastics.  Finer  serrations  have  been 
found  to  be  more  satisfactory  for  harder  plastics, 
such  as  the  thermosetting  materials.  The  serra¬ 
tions  should  be  kept  clean  and  sharp.  Breaking 
in  the  grips  may  occur  at  times,  even  when  deep 
serrations  or  abraded  specimen  surfaces  are  used; 
other  techniques  must  be  used  in  these  cases. 
Other  techniques  that  have  been  found  useful, 
particularly  with  smooth-faced  grips,  are  abrad¬ 
ing  that  portion  of  the  surface  of  the  specimen 
that  will  be  in  the  grips,  and  interposing  thin 
pieces  of  abrasive  cloth,  abrasive  paper,  or  plastic 
or  rubber-coated  fabric,  commonly  called  hos¬ 
pital  sheeting,  between  the  specimen  and  the  grip 
surface.  No.  80  double-sided  abrasive  paper  has 
been  found  effective  in  many  cases.  An  open- 
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mesh  fabric,  in  which  the  threads  are  coated  with 
abrasive,  has  also  been  effective.  Reducing  the 
cross-sectional  area  of  the  specimen  may  also  be 
effective.  The  use  of  special  types  of  grips  is 
sometimes  necessary  to  eliminate  slippage  and 
breakage  in  the  grips. 

5.1.4  Drive  Mechanism — A  drive  mechanism 
for  imparting  to  the  movable  member  a  uniform, 
controlled  velocity  with  respect  to  the  stationary 
member,  this  velocity  to  be  regulated  as  specified 
in  Section  9. 

5.1.5  Load  Indicator — A  suitable  load-indi¬ 
cating  mechanism  capable  of  showing  the  total 
tensile  load  carried  by  the  test  specimen  when 
held  by  the  grips.  This  mechanism  shall  be  essen¬ 
tially  free  of  inertia  lag  at  the  specified  rate  of 
testing  and  shall  indicate  the  load  with  an  accu¬ 
racy  of  ±1  %  of  the  indicated  value,  or  better. 
The  accuracy  of  the  testing  machine  shall  be 
verified  in  accordance  with  Methods  E  4. 

Note  S — Experience  has  shown  that  many  testing 
machines  now  in  use  are  incapable  of  maintaining 
accuracy  for  as  long  as  the  period  between  inspection 
recommended  in  Methods  E4.  Hence,  it  is  recom¬ 
mended  that  each  machine  be  studied  individually  and 
verified  as  often  as  may  be  found  necessary.  It  fre¬ 
quently  will  be  necessary  to  perform  this  function  daily. 

5.1.6  The  fixed  member,  movable  member, 
drive  mechanism,  and  grips  shall  be  constructed 
of  such  materials  and  in  such  proportions  that 
the  total  elastic  longitudinal  strain  of  the  system 
constituted  by  these  parts  does  not  exceed  1  % 
of  the  total  longitudinal  strain  between  the  two 
gage  marks  on  the  test  specimen  at  any  time 
during  the  test  and  at  any  load  up  to  the  rated 
capacity  of  the  machine. 

5.2  Extension  Indicator — A  suitable  instru¬ 
ment  for  determining  the  distance  between  two 
designated  points  located  within  the  gage  length 
of  the  test  specimen  as  the  sfiecimen  is  stretched. 
It  is  desirable,  but  not  essential,  that  this  instru¬ 
ment  automatically  record  this  distance  (or  any 
change  in  it)  as  a  function  of  the  load  on  the  test 
specimen  or  of  the  elapsed  time  from  the  start  of 
the  test,  or  both.  If  only  the  latter  is  obtained, 
load-time  data  must  also  be  taken.  This  instru¬ 
ment  shall  be  essential'y  free  of  inertia  lag  at  the 
specified  speed  of  testing  and  shall  be  accurate  to 
±  1  %  of  strain  or  better. 

Note  6 — Reference  is  made  to  Method  E  83. 

5.3  Micrometers — Suitable  micrometers  for 
measuring  die  widd,  and  thickness  of  the  test 
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specimen  to  an  incremental  discrimination  of  at 
least  0.025  mm  (0.00 1  in.)  should  be  used.  All 
width  and  thickness  measurements  of  rigid  and 
semirigid  plastics  may  be  measured  with  a  hand 
micrometer  with  ratchet.  A  suitable  instrument 
for  measuring  the  thickness  of  nonrigid  test  spec¬ 
imens  shall  have;  fJ)  a  contaa  measuring  pres¬ 
sure  of  25  ±  2.5  kPa  (3.6  ±  0.36  psi),  (2)  a 
movable  circular  contact  foot  6.35  ±  0.025  mm 
(0.250  ±  0.001  in.)  in  diameter,  and  (3)  a  lower 
fixed  anvil  large  enough  to  extend  beyond  the 
contact  foot  in  all  directions  and  being  parallel 
to  the  contaa  foot  within  0.005  mm  (0.0002  in.) 
over  the  entire  foot  area.  Flatness  of  foot  and 
anvil  >hall  conform  to  Test  Methods  D  374, 
5.1.3.  An  optional  instrument  equipped  with  a 
circular  contaa  foot  1 5.88  ±  0.08  mm  (0.625  ± 
0,(X)3  in.)  in  diameter  is  recommended  for  thick¬ 
ness  measuring  of  process  samples  or  larger  spec¬ 
imens  at  least  15.88  mm  (0.625  in.)  in  minimum 
width. 

6.  Test  Specimens 

6. 1  Sheet.  Plate,  and  Molded  Plastics: 

6.1.1  Rigid  and  Semirigid  Plastics — The  test 
specimen  shall  conform  to  the  dimensions  shown 
in  Fig.  1.  The  Type  1  specimen  is  the  preferred 
specimen  and  shall  be  used  where  sufficient  ma¬ 
terial  having  a  thickness  of  7  mm  (0.28  in.)  or 
less  is  available.  The  Type  II  specimen  may  be 
used  when  a  material  does  not  break  in  the 
narrow  scaion  with  the  preferred  Type  I  speci¬ 
men.  The  Type  V  specimen  shall  be  used  where 
only  limited  material  having  a  thickness  of  4  mm 
(0.16  in.)  or  less  is  available  for  evaluation,  or 
where  a  large  number  of  specimens  are  to  be 
exposed  in  a  limited  space  (thermal  and  environ¬ 
mental  stability  tests,  etc.).  The  Type  IV  speci¬ 
men  should  be  used  when  direa  comparisons  are 
required  between  materials  in  different  rigidity 
cases  (that  is.  nonrigid  and  semirigid).  The  Type 
111  specimen  must  be  used  for  all  materials  with 
a  thickness  of  greater  than  7  mm  (0.28  in.)  but 
not  more  than  1 4  mm  (0.55  in.) 

6.1.2  Nonrigid  Plastics — The  test  specimen 
shall  conform  to  the  dimensions  shown  in  Fig.  1 . 
The  Type  IV  specimen  shall  be  used  for  testing 
nonrigid  plastics  with  a  thickness  of  4  mm  (0. 1 6 
in.)  or  less.  The  Type  III  specimen  must  be  used 
for  all  materials  with  a  thickness  greater  than 
7  mm  (0.28  in.)  but  not  more  than  14  mm  (0.55 
in.) 
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6.1.3  Preparation — Test  specimens  shall  be 
prepared  by  machining  operations,  or  die  cutting, 
from  materials  in  sheet,  plate,  slab,  or  similar 
form.  Materials  thicker  than  14  mm  (0.35  in.) 
must  be  machined  to  14  mm  (O.SS  in.)  for  use  as 
Type  III  specimens.  Specimens  can  also  be  pre¬ 
pared  by  molding  the  material  to  be  tested. 

Note  7 — Specimens  prepared  by  injection  molding 
may  have  diffeient  tensile  properties  than  specimens 
prepared  by  machining  or  die-cutting  because  of  the 
orientation  induced.  This  effect  may  be  more  pro¬ 
nounced  in  specimens  with  narrow  sections. 

6.2  The  test  specimen  for  rigid  tubes  shall  be 
as  shown  in  Rg.  2.  The  length,  L,  shall  be  as 
shown  in  the  table  in  Fig.  2.  A  groove  shall  be 
machined  around  the  outside  of  the  specimen  at 
the  center  of  its  length  so  that  the  wall  section 
after  machining  shall  be  60%  of  the  original 
nominal  wail  thickness.  This  groove  shall  consist 
of  a  straight  seaion  57.2  mm  (2*4  in.)  in  length 
with  a  radius  of  76  mm  (3  in.)  at  each  end  joining 
it  to  the  outside  diameter.  Steel  or  brass  plugs 
having  diameters  such  that  they  will  fit  snugly 
inside  the  tube  and  having  a  length  equal  to  the 
full  jaw  length  plus  25  mm  ( 1  in.)  shall  be  placed 
in  the  ends  of  the  specimens  to  prevent  crushing. 
They  can  be  located  conveniently  in  the  tube  by 
separating  and  supporting  them  on  a  threaded 
metal  rod.  Details  of  plugs  and  test  assembly  arc 
shown  in  Fig.  2. 

6.3  The  lest  specimen  for  rigid  rods  shall  be 
as  shown  in  Fig.  3.  The  length.  L,  shall  be  as 
shown  in  the  table  in  Fig.  3.  A  groove  shall  be 
machined  around  the  specimen  at  the  center  of 
its  length  so  that  the  diameter  of  the  machined 
portion  shall  be  60  %  of  the  original  nominal 
diameter.  This  groove  shall  consist  of  a  straight 
section  57.2  mm  {2'A  in.)  in  length  with  a  radius 
of  76  mm  (3  in.)  at  each  end  joining  it  to  the 
outside  diameter. 

6.4  All  surfaces  of  the  specimen  shall  be  free 
of  visible  flaws,  scratches,  or  imperfections. 
Marks  left  by  coarse  machining  operations  shall 
be  carefully  removed  with  a  fine  file  or  abrasive, 
and  the  filed  surfaces  shall  then  be  smoothed 
with  abrasive  paper  (No.  00  or  finer).  The  finish¬ 
ing  sanding  strokes  shall  be  made  in  a  direction 
parallel  to  the  long  axis  of  the  test  specimen.  All 
flash  shall  be  removed  firom  a  molded  specimen, 
taking  great  care  not  to  disturb  the  molded  sur¬ 
faces.  In  machining  a  specimen,  undercuts  that 
would  exceed  the  dimensional  tolerances  shown 
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in  Rg.  1  shall  be  scrupulously  avoided.  Care  shah 
also  be  taken  to  avoid  other  common  machining 
errors. 

6.5  If  it  is  necessary  to  place  gage  marks  on 
the  specimen,  this  shall  be  done  with  a  wax 
crayon  or  India  ink  that  will  not  affect  the  ma¬ 
terial  being  tested.  Gage  marks  shall  not  be 
scratched,  punched,  or  impressed  on  the  speci¬ 
men. 

6.6  When  testing  materials  that  are  suspected 
of  anisotropy,  duplicate  sets  of  test  specimens 
shall  be  prepared,  having  their  long  axes  respec¬ 
tively  parallel  with,  and  normal  to,  the  suspected 
direction  of  anisotropy. 

7.  Conditioning 

7.1  Conditioning — Condition  the  test  speci¬ 
mens  at  23  ±  2*C  (73.4  ±  3.6’F)  and  50  ±  5  % 
relative  humidity  for  not  less  than  40  h  prior  to 
test  in  accordance  with  Procedure  A  of  Methods 
D  6 1 8,  for  those  tests  where  conditioning  is  re¬ 
quired.  In  cases  of  disagreement,  the  tolerances 
shall  be  ±1*C  (1.8*F)  and  ±2  %  relative  humid¬ 
ity. 

7.1.1  Note  that  for  some  hygroscopic  mate¬ 
rials.  such  as  nylons,  the  material  specifications 
(for  example.  Specification  D  4066)  call  for  test¬ 
ing  “dry  as-molded  specimens."  Such  require¬ 
ments  take  precedence  over  the  abo'.e  routine 
preconditiopHc  to  50  %  RH  and  require  sealing 
the  specimens  in  water  vapor-impermeable  con¬ 
tainers  as  soon  as  molded  and  not  removing  them 
until  ready  for  testing. 

7.2  Test  Conditions — Conduct  tests  in  the 
Standard  Laboratory  Atmosphere  of  23  ±  2*C 
(73.4  ±  3.6*F)  and  50  ±  5  %  relative  humidity, 
unless  otherwise  specified  in  the  test  methods.  In 
cases  of  disagreements,  the  tolerances  shall  be  ± 

1  *C  ( 1 .8'F)  and  ±2  %  relative  humidity. 

Note  8 — The  tensile  properties  of  some  plastics 
change  rapidly  with  small  changes  in  temperature. 
Since  heat  may  be  generated  as  a  result  of  straining  the 
specimen  at  high  rates,  conduct  tests  without  forced 
cooling  to  ensure  uniformity  of  test  conditions.  Mea¬ 
sure  the  temperature  in  the  reduced  section  of  the 
specimen  and  record  it  for  materials  where  self-headng 
is  suspected. 

8.  Number  of  Test  Specimens 

8.1  Test  at  least  five  specimens  for  each  sam¬ 
ple  in  the  case  of  isotropic  matenals. 

8.2  Test  ten  specimens,  five  normal  to.  and 
five  parallel  with  the  principal  axis  of  anisotropy. 
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lOr  each  sample  in  the  case  of  anisotropic  mate¬ 
rials. 

8.3  Discard  spcr  mens  that  break  at  some  ob¬ 
vious  fortuitous  flaw,  or  that  do  not  br^  be¬ 
tween  the  predetermined  gage  marks,  and  make 
retests,  unless  such  flaws  constitute  a  variable  to 
be  studied. 

Note  9 — Before  testing,  all  transparent  specimens 
should  be  inspected  in  a  poUrisoope.  Those  which  show 
atypical  or  concentrated  strain  pattenas  should  be  re¬ 
jected,  unless  the  eflects  of  these  residual  strains  consti¬ 
tute  a  variable  to  be  studied. 

9.  Speed  of  Testing 

9. 1  Speed  of  testing  shall  be  the  relative  rate 
of  motion  of  the  grips  or  test  fixtures  during  the 
test.  Rate  of  motion  of  the  driven  grip  or  fixture 
when  the  testing  machine  is  running  idle  may  be 
used,  if  it  can  be  shown  that  the  resulting  speed 
of  testing  is  within  the  limits  of  variation  allowed. 

9.2  Choose  the  sptstA  of  testing  from  Table  1. 
Determine  this  chosen  speed  of  testing  by  the 
specification  for  the  material  being  tested,  or  by 
agreement  between  those  concerned.  When  the 
speed  is  not  specifred,  use  the  lowest  spxed  shown 
in  Table  1  for  the  specimen  geometry  being  used, 
which  gives  rupture  within  ‘/i  to  5  min  testing 
time. 

9.3  Modulus  determinations  may  be  made  at 
the  speed  seleaed  for  the  other  tensile  properties 
when  the  recorder  response  and  resolution  are 
adequate. 

10.  Procedure 

10.1  Measure  the  width  and  thickness  of  rigid 
flat  specimens  (Fig.  1 )  with  a  suitable  micrometer 
to  the  nearest  0.02S  mm  (0.001  in.)  at  several 
points  along  their  narrow  sections.  Measure  the 
thickness  of  nonrigid  specimens  (produced  by  a 
Type  IV  die)  in  the  same  manner  with  the  re¬ 
quired  dial  micrometer.  Take  the  width  of  this 
specimen  as  the  distance  between  the  cutting 
edges  of  the  die  in  the  narrow  section.  Measure 
the  diameter  of  rod  specimens,  and  the  inside 
and  outside  diameters  of  tube  specimens,  to  the 
nearest  0.025  mm  (0.00 1  in.)  at  a  minimum  of 
two  points  90*  apart;  make  these  measurements 
along  the  groove  for  qrecimens  so  constructed. 
Use  plugs  in  testing  tube  specimeits,  as  shown  in 
Fig.  2. 

10.2  Place  the  specimen  in  the  grips  of  the 
testing  machine,  taking  care  to  align  the  long  axis 
of  the  specimen  and  the  grips  with  an  imaginary 


line  joining  the  points  of  attachment  of  the  grips 
to  the  machine.  The  distance  between  the  ends 
of  the  gripping  surfaces,  when  using  flat  speci¬ 
mens,  shall  be  as  indicated  in  Fig.  1 .  On  tube  and 
rod  ^lecimens,  the  location  for  the  grips  shall  be 
as  shown  in  Figs.  2  and  3.  Tighten  the  grips 
evenly  and  frrmly  to  the  degree  necessary  to 
prevent  slippage  of  the  specimen  during  the  test, 
but  not  to  the  point  where  the  specimen  would 
be  crushed. 

10.3  Attach  the  extension  indicator. 

10.4  Set  the  speed  of  testing  at  the  proper  rate 
as  required  in  Scxrdoo  9,  and  start  the  machine. 

10.5  Record  the  load-extension  curve  of  the 
specimen. 

10.6  Record  the  load  and  extension  at  the 
yield  point  (if  one  exists)  and  the  load  and  exten¬ 
sion  at  the  moment  of  rupture. 

Note  10 — If  it  is  desired  to  measure  both  modulus 
and  failure  properties  (yield  or  break,  or  both),  it  may 
be  necessary,  in  the  caae  of  highiy  extessibie  materials 
to  mn  two  independent  tests.  The  high  magnification 
extensometer  normally  used  to  deiennine  piroperties  up 
to  the  yield  point  may  not  be  suitable  for  tests  involving 
high  extensibility.  If  allowed  to  remain  attached  to  the 
specimen,  the  extensometer  could  be  permanently 
damaged  A  broad  range  incremental  extensometer  or 
hand  rule  technique  may  be  needed  when  such  mate¬ 
rials  are  taken  to  rupture. 

11.  Cakulations 

II.  1  Tensile  Strength — Calculate  the  tensile 
strength  by  dividing  the  maximum  load  in  new¬ 
tons  (or  pounds-force)  by  the  originai  minimum 
cross-sectional  area  of  the  specimen  in  square 
metres  (or  square  inches).  Express  the  result  in 
pascals  (or  pounds-force  per  square  inch)  and 
report  it  to  three  signifreani  figures  as  “Tensile 
Strength  at  Yield"  or  “Tensile  Strength  at  Break,” 
whichever  term  is  applicable.  When  a  nominal 
yield  or  break  load  less  than  the  maximum  is 
present  and  applicable,  it  may  be  desirable  also 
to  calculate,  in  a  similar  manner,  the  correspond¬ 
ing  “Tensile  Stress  at  Yield”  or  “Tensile  Stress  a: 
Break”  and  report  it  to  three  significant  figures 
(Annex  Note  A  1.1). 

W. 2  Percent  Elongation — If  the  specimen 
gives  a  yield  load  that  is  larger  than  the  load  at 
break,  calculate  “Percent  Elongation  at  Yield.” 
Otherwise,  calculate  “Percent  Elongation  at 
Break.”  Do  this  by  reading  the  extension  (change 
in  gage  length)  at  the  moment  the  applicable  load 
is  reached.  Divide  that  extension  by  the  original 
gage  length  and  multiply  by  1 OO.  Report  “Percent 
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Elongation  at  Yield"  or  “Percent  Elongation  at 
Break"  to  two  significant  figures.  When  a  yield 
or  breaking  load  less  than  the  maximum  is  pres¬ 
ent  and  of  interest,  it  is  desirable  to  calculate  and 
report  both  “Percent  Elongation  at  Yield"  and 
“Percent  Elongation  at  Break"  (Annex  Note 
A  1.2). 

11.3  Modulus  of  Elasticity — Calculate  the 
modulus  of  elasticity  by  extending  the  iiutial 
linear  portion  of  the  load-extension  curve  and 
dividing  the  diiTerence  in  stress  corresponding  to 
any  s^ment  of  section  on  this  straight  line  by 
the  corresponding  difference  in  strain.  All  elastic 
modulus  values  shall  be  computed  using  the 
average  initial  cross-sectional  area  of  the  test 
specimens  in  the  calculations.  The  result  shall  be 
expressed  in  pascals  (or  pounds-force  per  square 
inch)  and  reported  to  three  significant  figures. 

1 1 .4  For  each  series  of  tests,  calculate  the 
arithmetic  mean  of  all  values  obtained  and  report 
it  as  the  “average  value"  for  the  particular  prop¬ 
erty  in  question. 

11.3  Calculate  the  standard  deviation  (esti¬ 
mated)  as  follows  and  report  it  to  two  significant 
figures: 

s  -  -  nX^)/(n  -  i) 

where; 

s  *=  estimated  standard  deviation. 


X  *  value  of  single  observation, 

n  »  number  of  observations,  and 

X  “  arithmetic  mean  of  the  set  of  observations. 

1 1.6  See  Appendix  X 1  for  information  on  toe 
compensation. 

12.  Report 

12.1  The  report  shall  include  the  following- 

12.1.1  Complete  identifications  of  the  mate¬ 
rial  tested,  including  type,  source,  manufacturer's 
code  numbers,  form,  principal  dimensions,  pre¬ 
vious  history,  etc., 

12.1.2  Method  of  preparing  test  specimens, 

12. 1 .3  Type  of  test  specimen  and  dimensions, 

12.1.4  Conditioning  procedure  used, 

12.1.5  Atmospheric  conditions  in  test  room. 

12. 1.6  Number  of  specimens  tested. 

12.1.7  Speed  of  testing 

12.1.8  Tensile  strength  at  yield  or  break,  av¬ 
erage  value,  and  standard  deviation. 

12.1.9  Tensile  stress  at  yield  or  break,  if  ap¬ 
plicable,  average  value,  and  standard  deviation. 

12.1.10  Percentage  elongation  at  yield  or 
break  (or  both,  as  applicable),  average  value,  and 
standard  deviation. 

12.1. 11  Modulus  of  elasticity,  average  value, 
and  standard  deviation,  and 

12.1.12  Date  of  test. 


Table  I  Dtti|nMiga>farSpM4orTtMiat^ 


ClassiHcabon' 

Spedinen  Type 

Speed  of  Tesnng,  mm/min 
(iB./min) 

Nominal  Stiain^^  Rate  at 
Stan  of  Test,  mm/mm  - 
nun 

Rigid  and  Semirigid 

I.  n.  HI  rods  and 

5 

(OJ)  ±2S% 

O.I 

tubes 

50 

(2)  ±  10  * 

1 

500 

(20)  ±  (0  * 

10 

rv 

5 

(0.2)  ±  % 

0.15 

50 

(2)±  10% 

13 

50C 

(20)  *  10  % 

15 

V 

1 

(0.05)  *  25  % 

0.1 

10 

(0.5)  t:  25  % 

1 

100 

(5)  *  25  S 

10 

Nonnpd 

III 

50 

(2)  i  10  % 

1 

500 

(20)  £  10% 

10 

IV 

50 

(2)i  10% 

13 

500 

(20)  £  10% 

15 

'*  Select  the  lowest  speed  Uuu  produces  rupture  in  'A  to  3  nun  for  the  specimen  geometry  being  used  (see  9  J). 

'  See  Oefidiaons  D  883  for  OeSaidoiu. 

^The  initial  rate  of  strainiiig  cuiool  be  calculaied  exactly  for  dumbbcU-siuped  specimens  because  of  extensum.  both  m  the 
reduced  section  outside  the  nft  length  and  in  the  fiUets.  This  imoal  snam  tale  can  be  mensund  from  the  initial  slope  of  the  tensile 
strain- versus-droe  diagram. 
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Dimensions  (see  drawings) 

7  or  under 

Over?  to  14 
ind. 

4  or  under 

Tolerances 

Type! 

Type  II 

TypeUI 

TypelV* 

TypeV' 

tr— Width  of  narrow  section** 

13 

6 

19 

6 

3.18 

L — Length  of  narrow  section 

57 

57 

57 

33 

9.53 

HO.i' 

K'O— Width  over-ail.  min* 

19 

19 

29 

19 

+6.4 

IVD— Width  over^tlL  min* 

9.53 

+3.18 

iO— Length  over-all,  min* 

165 

183 

246 

115 

63.-5 

no  nuu 

G— <iage  length* 

50 

50 

50 

7.62 

±035' 

G — Gage  length* 

25 

±0.13 

D— 'Disunce  between  grips 

115 

I3J 

115 

64* 

25.4 

±5 

^—Radius  of  fillet 

76 

75 

76 

14 

IZ7 

±1' 

RO — Outer  radius  (Type  (V) 

25 

±1 

Specimen  Dimensions  for  Thickness.  T,  in. 

0 

0.38  or  under 

Over  038  to 

0.16  or  under 

Dimensions  (see  drawinp) 

Tolerances 

Type  I 

Type  II 

Type  Ill 

TypelV* 

Type  V' 

Ht—Width  of  narrow  section** 

0.50 

0.25 

0.75 

035 

0.125 

±0.02'“ 

L — Length  of  narrow  section 

235 

2.25 

235 

1.30 

0.375 

±0.02' 

WO — Width  over-all,  min* 

0.75 

0.75 

1.13 

0.75 

+035 

WO — Width  over-all,  min* 

0375 

+0.125 

LO — Length  over-all,  min* 

6.5 

7,2 

9.7 

4-5 

2.5 

ao  max 

G — Gage  length* 

2.00 

2.00 

2.00 

0.300 

±0-010' 

G — Gage  length* 

1.00 

±0.005 

D — Distance  between  grips 

4.5 

5.3 

4.5 

2.5" 

1.0 

±03 

R — Radius  of  fillet 

3.00 

3.00 

3.00  - 

0.56 

OJ 

±0.04' 

RO — Outer  ladius  (Type  fV) 

1.00 

±0.04 

nc.  I  TaNaaTcMS*KiwwforShwt.P1u«.MiMiiU«IPIn<ia 


The  width  at  the  center  ty,  shall  be  plus  0.00  mm.  minus  0.10  mm  (40.000  ia_  -0.004  in.)  ooraparad  with  width  ff'  u  other 
parts  of  the  reduced  section.  Any  leducuoii  in  W'  at  the  center  shall  be  paduat.  equally  on  each  side  m  that  so  abrupt  rhangn  in 
dimension  itsulL 

*For  molded  specimens,  a  draft  of  not  over  0.13  mm  (0.005  in.)  may  be  allowed  for  either  Type  I  or  0  spedraens  3.3  mm  (0.13 
in. )  in  thickness,  and  this  should  be  taken  into  account  when  calculating  width  of  the  specimen.  Thus  a  typtcal  section  of  a  molded 
Type  I  speamen,  having  the  maximum  allowable  draft,  could  be  as  follows: 
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-l2.83minMiu^- 
(0.505*) 
/■O.I3  mm  Max. 
(0.005*) 


- -fc— 


-12.70  mnv - 

(0.500*) 


^Tea  mirks  or  initial  atatatmeier  ipia. 

"Thickiies,  T.  sball  be  3.2  ±  0.4  mm  (0.13  ±  0.02  in.)  for  all  typa  of  molded  meeimena,  and  for  oilier  Types  I  and  n  spedmeut 
where  posable.  If  spedmens  are  machined  from  sheets  or  plates,  ihiclmws,  T,  may  be  the  thidmess  of  the  sheet  or  plate  provided 
this  does  not  exceed  thejange  stated  for  the  intended  spedmen  type.  For  sheets  of  nominal  thicknes  greater  than  14  mm  (OJS  in.) 
the  spedmens  shall  be  machined  to  14  ±  0.4  mm  (0.5S  ±  0.02  in.)  in  thickness,  for  use  with  the  Type  m  spedmen.  For  sheets  of 
nominal  thickness  between  U  and  51  mm  (0.35  and  2  in.)  approximately  equal  amounts  shall  be  machined  from  each  suifaoe.  For 
thicker  sheets  both  surfaces  of  the  speomen  shall  be  machined  and  the  locanon  of  the  speamen  with  reference  to  the  ongioal 
thickness  of  the  sheet,  shall  be  noted.  Tolerances  on  thickness  less  than  14  mm  I0J5  in.)  shall  be  those  standard  for  the  grad'  of 


material  tested. 

^  Overall  widths  greater  than  the  minimum  indicated  may  be  desirable  for  some  materials  in  older  to  avoid  breaking  in  the  grips. 

''  Overall  lengths  greater  than  the  minimum  indicaied  may  be  desnable  eilher  to  avoid  bicakiog  m  the  gnps  or  ui  satisfy  special 
test  requirements. 

For  the  Type  IV  spedmen,  the  internal  width  of  the  narrow  section  of  the  die  shall  be  6.00  £  0.05  mm  (0250  £  0.(XI2  ut.). 
The  dimensiaos  are  essentiaily  those  of  Die  C  in  ASTM  Test  Method  D4I2  for  Rubber  Properties  in  Tessioo  (AimuaJ  Book  qf 
ASTM  Standards,  Vols  08.01  and  09.01 ). 

"When  self-tightening  grips  are  used,  for  highly  extensibie  polymers,  the  diwanrr  between  grips  will  depend  upon  the  types  of 
grips  used  and  may  not  be  critical  if  maintained  uniform  once  chosen. 

'  The  Type  V  spedmen  shall  be  machined  or  die  cut  to  the  dimennosu  shown,  or  molded  in  a  mold  whose  cavity  has  these 


dimensions.  The  dimepsions  shall  be: 

K'  -  3.18  ±  0.03  mm  (0.125  £  0.001  in.). 

L  -  9.53  *  0.08  mm  (0.375  £  0.003  in.). 

G  -  7.62  £  0.02  mm  (0.300  £  0.(X)  I  in.),  and 

R  -  117  *0.08  mm  (0.500  *0.003  in). 

The  other  tolerances  are  those  in  the  uMe.  Supporting  dau  on  tly*  introduction  of  (be  L  spedmen  of  Test 
Type  V  spedmen  may  be  obtained  from  ASTM  Headquart4.v  1916  Race  St,  Philaddphia.  PA 
RR:D-20-l038. 


Method  D  1822  as  the 
19103.  by  requestuig 


FIG.  I  Cantimird. 
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Nominal  Wall  Thklcsiess 

Length  of  Radial  Sections. 
2R.S. 

Total  (2a)culBted  Minimum 
Length  of  Specimen 

Slandaid  Length.  L.  of  Spec¬ 
imen  to  be  Used  for  89-fflm 
(3'.6Hn.)  Jawr* 

mmlin.) 

mmlin.) 

mmlin.) 

mmlin.) 

0.79<'/b) 

13.9(0.547) 

350(13  80) 

381(15) 

1J(Vm) 

17.0(0.670) 

354(13.92) 

381(15) 

1.6(Vw) 

19.6(0.773) 

356(14,02) 

381(15) 

2.4<Vb) 

24.0(0.946) 

361(14,20) 

381(15) 

3.2m 

27.7(1.091) 

364(14.34) 

381(15) 

4.8<Vi.) 

33.9(1.333) 

370(14,58) 

381(15) 

6.4<</.) 

39.0(1.536) 

376(14.79) 

400(15.75) 

7.9(Vi») 

43.5(1.714) 

380(14.96) 

400(15.75) 

9.5(J/i) 

47.6(1.873) 

384(15.12) 

400(15.75) 

ll.UVis) 

51.3(2.019) 

388(15.27) 

400(15.751 

12.7(1/1) 

54.7(2.154) 

391(15.40) 

41906.5) 

'*  For  other  jaws  greUCT  than  89  mm  (3'/^  in.),  the  standard  length  shall  be  increased  by  twice  the  length  of  the  jaws  minus  178 
mm  (1  in.).  The  standard  length  permits  a  slippage  of  approximately  6.4  to  lZ7.mm  ('/>  to  '/i  in.)  in  i-arti  jaw  w^  maintaining 
maximum  length  of  jaw  grip. 


FIG.  2  Diifram  Shgwiag  LncatiBB  of  Take  Ttnaiaa  Teat  SpadmasH  in  Teadag  Machaae 
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DIMENSIONS  OF  ROD  SPECIMENS 


Nomioal  Dsameter 

Length  of  Radial  Seciioav 
2R^, 

Total  C alnilaird  Mtmmum 
Length  of  Specimen 

SUDdard  Length.  L  of  Spec¬ 
imen  to  be  Used  for  g9-mm 
( 3'6-jn.  1  Jawr* 

mm  iin.) 

OIjQ  oqj 

mm  (to.) 

mm  I  IS.! 

3J:  (W 

19  6  (0  77.3) 

356(14  02) 

.181  (131 

4  f  fV») 

24  0  (0.946) 

36!  (14.20) 

381 (151 

6  4('/«) 

27  7(1  091) 

364(14.341 

381 (15' 

9.3  (Ml) 

33  9(1  333) 

370(14.58) 

381  (15.- 

39  0(1.5361 

376  (14,7) 

400(15  751 

15.9(H) 

43.5(1  7)41 

380(14,96) 

400(15-75) 

19  0(V<) 

47  6(1.873) 

384(15,121 

400(15.‘'5) 

22.2  (Hi 

51.5(2  019) 

388  (15.27) 

400ii5-’5) 

:5  4()) 

54  7  (2.!54) 

391  (15  401 

419U6.5I 

31.8  ilHl 

60.9(2.398) 

398  (15  65) 

419(16.5) 

38  1  ( 1 H) 

66.4(2.615) 

403  (13  87) 

419(16.5) 

42,5  (IV.) 

71.4  (2.8 -.2) 

408(16  061 

419(16.5) 

50.8(2) 

76  0(2.993) 

4  12  (16-2«l 

432  (17) 

'  Far  ,  tw  jaws  graacr  ihan  89  mm  (j‘/i  m  l,  the  stanSan)  lendb  Hull  be  locmacd  by  twKc  tiK  lengtti  of  tbe  jaws  ouous  1 7g 
mm  iDLi.  Tb<;  sundard  leofth  CKrauts  a  shpfmp:  of  appcoaimaiel')'  9.4  to  >2.7  mm  <</<  to  '9  m.)  lo  cacti  jaw  wtuk  maiataiaiiit 
majumum  leofUi  of  jaw  (np. 


ia  Tenuc  Maduaa 
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ANNEX 

(Mandatory  Infonnadoo) 

Al.  DEFINITIONS  OF  TERMS  AND  SYMBOLS  RELATINC  TO  TENSION  TESTING  OF  PLASTICS 


Al.l  tensile  stress  (nomtnal) — the  tensile  load  per 
unit  area  of  minimum  original  cross-section,  within  the 
gage  boundanes.  carried  by  Che  test  specimen  at  any 
given  moment.  It  is  expressed  in  force  per  unit  area, 
usually  megapascals  (or  pounds-force  per  square  inch). 

Note  Al.l  — The  expression  of  tensile  properties  in 
terms  of  the  mimmum  original  cross-section  is  almost 
universally  used  to  practice.  In  the  case  of  materials 
exhibiting  high  extensibility,  or  “necking”,  or  both. 
(Al.l  1)  nominal  stress  calculations  may  not  be  mean¬ 
ingful  beyond  the  yield  point  (A  1 . 10)  due  to  the  exten¬ 
sive  reduction  in  cross-sechonal  area  that  ensues.  Under 
some  circumstances  it  may  be  destrabie  to  express  the 
tensile  properties  per  umt  of  minimum  prevailing  cross- 
section.  These  properties  are  called  “true”  tensiie  prop¬ 
erties  (that  is.  true  tensile  stress,  etc.). 

,A  1 .2  tensile  strength  f  nominal) — the  maximum  ten¬ 
sile  stress  (nominal)  sustained  by  the  specimen  during 
a  tension  test.  When  the  maximum  stress  occurs  at  the 
yield  point  (A  1.10).  it  shall  be  designated  Tensilr 
Strength  at  Yield,  i^en  the  maximum  stress  occurs  at 
break,  it  shall  be  designated  Tensile  Strength  at  Break. 

A  1.3  gage  length — the  original  length  of  that  por¬ 
tion  of  the  specimen  over  which  strain  or  change  in 
length  IS  determined. 

A  1.4  elongation — the  increase  in  length  produced 
in  the  gage  length  of  the  test  spenmen  by  a  tensile  load. 
It  IS  expressed  in  units  of  length,  usually  miliimetres  (or 
inches).  (Also  known  as  extension.) 

Note  a  1.2— Elongation  and  strarn  values  are  valid 
only  in  cases  were  uniformiry  of  specimen  behavior 
within  the  gage  length  is  present  In  the  case  of  materials 
exhibiting  “necking  phenomena.”  such  values  are  only 
of  qualitative  utility  after  attainment  of  “yield”  point. 
This  IS  due  to  inability  to  assure  that  necking  will 
encompass  the  entire  length  between  the  gage  marks 
prior  to  specimen  failure. 

A 1 .5  percentage  elongation — the  eloogauon  of  a  test 
specimen  expressi^  as  a  percentage  of  the  gage  length. 

A 1 .6  perceruage  elongation  at  yield  and  break: 

A 1 .6. 1  percentage  elongation  at  yield — the  percent¬ 
age  elongation  at  the  moment  the  yield  point  (Al.lO) 
IS  attained  m  the  test  specimen. 

Al  6.2  perceruage  elongation  at  break — the  percent¬ 
age  elongation  at  the  moment  of  rupiute  of  the  test 
speamen. 

A 1 .7  strain — the  raoo  of  the  eloogauon  to  the  gage 
length  of  the  test  specimen,  that  is.  the  change  in  length 
per  unit  of  original  length.  It  is  expressed  as  a  dimen¬ 
sionless  ratio. 

Al  8  true  siratn  (see  Fig.  Al  l)  is  defined  by  the 
following  equauoo  for  >r 


dL/lL  -  In  UL, 

where: 

dZ.  »  the  increment  of  elongauon  when  the  distance 
between  the  gage  marks  is  L. 

L,  »  the  onginaJ  distance  between  gage  marks,  and 
L  w  u-e  distance  between  gage  marks  at  any  ume. 

A 1 .9  tensile  stress-strain  curve — a  diagram  m  which 
values  of  tensile  stress  are  ploned  as  ordinates  against 
corresponding  values  of  tensiie  strain  as  abscissas. 

Al.lO  yield  point — the  first  point  on  the  stress-strain 
curve  at  which  an  increase  in  strain  occurs  without  an 
increase  in  stress  (Fig.  A  1. 2). 

Note  a  1.3 — Only  matenais  whose  stress-strain 
curves  exhibit  a  pioint  of  zero  slope  mav  be  considered 
as  having  a  yield  point 

Note  A  1,4 — Some  matenais  exhibit  a  disuna 
"break”  or  disconunuity  in  the  stress-niam  curve  in 
the  elastic  region.  This  break  is  not  a  yield  point  by 
definition.  However,  this  point  may  prove  useful  for 
material  charaaertzauon  in  some  cases. 

A 1 . 11  necking— the  iocalued  rtduaion  in  cross-sec¬ 
tion  which  may  occur  in  a  matenaJ  under  tensile  stress. 

A  1.12  yield  strength — the  stress  at  which  a  matenaJ 
exhibits  a  specified  iimiung  devi,iuv»i  from  the  propor- 
Uonality  of  stress  to  strain.  Unless  otherwise  specified, 
this  stress  will  be  the  stress  at  the  yield  point  and  when 
expressed  in  relation  to  the  Tensile  Strength  shall  be 
designated  either  Tensile  Strength  at  Yield  or  Tensile 
Stress  at  Yield  as  required  under  A1.2  (Fig.  Ai.21.  (See 
offset  yield  strength. ) 

A  1. 13  offset  vield  strength — the  stress  at  which  the 
strain  exceeds  by  a  spealied  amount  ithe  offset)  an 
extension  of  the  initial  proponiooai  ponion  of  the 
stress-strain  curve.  It  is  expressed  in  force  per  unit  area, 
usually  megapascals  (or  pounds-force  per  square  inch). 

Note  a  1.5 — This  measurement  is  useful  for  mate¬ 
rials  whose  stress-strain  curve  m  the  yield  range  is  of 
gradual  curvature.  The  offset  yield  strength  can  be 
derived  from  a  stress-strain  curve  as  follows  (Fig.  A 1 .3): 

On  the  strain  axis  lay  off  OiVf  equal  to  the  speafied 
oftseL 

Draw  Oa  tangent  to  the  miual  snaight-Une  portion 
of  the  stress-strain  curve. 

Througb  M  draw  a  line  MS  paraUei  to  OA  aiK)  locate 
the  interKcbon  of  MS  with  the  stress-strain  curve. 

The  stress  at  the  point  of  intersection  r  is  the  "offset 
yield  strength."  The  speafied  value  of  the  offset  must 
be  suted  as  a  pereentage  of  ’.he  onginal  gage  length  m 
con)unaioD  with  the  strength  value  E.xample:  0  1  % 
offset  yield  strength  *  MPa  (psi).  or  ive/u  strength 
ai0,l%  offset.  MPaipsii. 
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a  maieruU  is  capable  of  susuioing  without  any  deviation 
from  proportionality  of  stress  to  strain  (Hooke's  law). 
It  is  expressed  in  foree  per  unit  area,  usually  megapas¬ 
cals  (or  pounds-force  per  square  inch). 

A1,15  elastic  limit — the  greatest  stress  which  a  ma¬ 
terial  is  capable  of  sustaining  without  any  permanent 
strain  remaining  upon  complete  release  of  the  stress.  It 
is  expressed  in  force  per  unit  area,  usually  megapascals 
(or  pounds-force  per  square  inch). 

Note  a  1.6— Measured  values  of  proportional  limit 
and  elasdc  Umit  greatly  with  the  sensitivity  and 
accuracy  of  the  testing  equipment,  eccentnd^  of  load¬ 
ing,  the  scale  to  which  tte  stress-strain  diagram  is 
plotted,  and  other  factors.  Consequently,  these  values 
are  usually  replaced  by  yield  strength. 

Ai.I6  modulus  of  elasticity— the  ratio  of  stress 
(nominal)  to  conesponding  strain  bdow  the  propor¬ 
tional  limit  of  a  material.  It  is  expressed  in  force  per 
unit  area,  usually  megapascals  (or  pounds-force  per 
square  inch)  (Also  known  as  elastic  modulus  or  Young's 
modulus). 

Note  A  1.7 — The  stress-strain  relations  of  many 
plastics  do  not  conform  to  Hooke’s  law  throughout  the 
elastic  range  but  deviate  therefrom  even  at  stresses  well 
below  the  elastic  limit  For  such  materials  the  slope  of 
tlK  tangent  to  die  stress-strain  curve  at  a  tow  stress  is 
usually  taken  as  the  modulus  of  elasticity.  Since  the 
existence  of  a  true  proportional  limit  in  plastics  is 
debaubie,  the  proptie^  of  applying  the  term  ’‘modulus 
of  elasudty'  to  describe  the  sdflhess  or  rigidity  of  a 
plaAK  has  been  seriously  questtoned.  The  exaa  stress- 
strain  characteristics  of  plastic  materials  are  very  de¬ 
pendent  on  such  faaors  as  rate  of  stressing,  tempera¬ 
ture.  previous  spenmen  history,  etc.  However,  such  a 
value  is  useful  if  its  arbitrary  nature  and  dependence 
on  time,  temperature,  and  other  faaors  art  raized. 

A 1 .  1 7  secant  modulus— the  ratio  of  stress  ( nominal) 
to  corresponding  strain  at  any  specified  point  on  the 
suess-suain  curve.  It  is  expressed  in  force  per  unit  area, 
usually  megapascals  (or  pounds-force  per  square  inch), 
and  reported  together  with  the  spedlied  stress  or  strain. 

Note  A 1 .8 — This  measurement  is  usually  employed 
in  place  of  modulus  of  elasticity  in  the  case  of  materials 
whose  stress-strain  dia^nm  does  not  demonstrate  pro¬ 
portionality  of  stress  to  strain. 

A  1.1 8  percentage  reduction  of  area  (nomitud) — the 
difference  between  the  original  cross-sccbonal  area 
measured  at  the  point  of  rupture  after  breakiog  and 
after  all  retraction  has  ctased,  exmessed  as  a  percentage 
of  the  onginal  area. 

A  1.19  percentage  reduaion  of  area  (true) — the  dif¬ 
ference  between  the  original  cross-sec&onal  area  of  the 
test  specimen  and  the  mimmum  cross-sectional  area 
within  the  gage  boundaries  prevailing  at  the  moment 
of  rupture,  expressed  as  a  percentage  of  the  onginai 
area. 

A  1.20  rale  of  loading— tlae  change  in  tensile  toad 
earned  by  the  speamen  per  unit  ume.  It  is  expressed 
in  force  per  umt  time,  usually  newtons  (or  pounds- 
force)  per  minute.  The  initial  rate  of  losing  can  be 
calculated  ftom  the  initial  slope  of  the  load  versus  nme 
diagram. 

A  1.2 1  rale  of  stressii^  (nominal) — the  change  in 
tensile  stress  (nominal)  per  unit  tune.  It  is  expres^  in 
force  per  unit  area  per  unit  time,  usuaUy  megapascals 


tur  pouous-iorce  per  square  inch)  per  minute.  The 
initial  rate  of  stressing  can  be  calculated  from  the  initial 
slope  of  the  tensile  sires  (noimnai)  versus  ume  dia¬ 
gram. 

Note  a  l  .9 — •The  initial  rate  of  stressing  as  deter¬ 
mined  in  this  manner  has  only  limited  physcal  signif¬ 
icance.  It  does,  however,  rou^ly  desenbe  the  average 
rate  at  which  the  initial  stress  (nominal)  earned  by  the 
test  specimen  is  applied.  It  is  affected  by  the  elastiary 
and  flow  characttrnsrics  of  the  ~:rnals  being  testetL 
At  the  yield  point,  the  rate  of  stressing  (true)  may 
continue  to  have  a  positive  value  if  the  cross-sectional 
area  is  decreasing. 

A1J12  rate  of  stratmng — the  change  in  tensile  strain 
per  unit  bme.  It  is  expressed  either  as  strain  per  unit 
time,  usually  maxes  per  metre  (or  inches  per  inch)  per 
minute,  or  pereoit^  elongation  per  unit  time,  usu^y 
peicentage  elongation  per  minute.  The  initial  rate  of 
snaining  can  be  calculated  from  the  initial  slope  of  tire 
tensik  strain  versus  ume  diagram. 

Note  Al.lO — The  initial  rate  of  straining  is  synon¬ 
ymous  with  the  rate  of  crosshead  movement  divided  by 
the  initial  distance  between  crossheads  only  m  a  ma¬ 
chine  with  constant-rate-of-cTosshead  movemem  and 
when  the  speamen  has  a  uniform  onginal  cross-secuon. 
does  not  ‘neck  down,”  and  does  not  shp  in  the  jaws. 

A  1.23  Symbols — The  following  symtxits  may  be 
used  for  the  above  terms: 


Symbol 

Term 

tv 

Load 

LW 

Increment  of  load 

L 

Distance  between  gage  marks  at  any  ume 

U 

Original  distance  between  gage  marks 

U 

Distance  between  gage  marks  at  moment  of 
rupture 

SL 

Increment  of  distance  between  gage  marks 
w  eloogaUon 

A 

Minimum  cross-secuonal  area  at  any  time 

A. 

Original  cross-secuon  area 

SA 

Increment  of  cross-secuonal  area 

A. 

Cross-sectional  area  at  point  of  rupture  mea¬ 
sured  after  breaking  specimen 

Ar 

Cross-secuonal  area  at  point  of  rupnire. 
measured  at  the  moment  of  rupture 

t 

Time 

St 

Increment  of  time 

a 

Tensile  stress 

Increment  of  sues 

True  tensile  sues 

fft/ 

Tensile  strength  at  break  {nominal) 

OVT 

Tensile  strength  at  break  (true) 

t 

Strain 

Incremem  of  strain 

to 

Total  strain,  at  break 

n 

True  strain 

%EI 

Percentage  elongation 

Y.P. 

Yield  point 

E 

Modulus  of  elasuaty 

A  1.24  Relations  between  these  vanous  terms  may 

be  defined  as  follows: 

9 

-  mA, 

9r 

-  tv/ A 

ffy 

-  W/A»  (where  tV  is  breaking  load) 

ffC/T 

-  tV/Ari'rrbere  tV  is  breaking  load) 
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*1,-  {L,~U/U 

.T-  r 

{  <iL/L~lttL/L, 

%El «  [(L  -  L,)/L.l  X  100  -  .  X  100 
Penxntae;  reductioD  of  area  (aominal) 

-l(vt.-AJ/Xjx  100 
Potentage  reduction  of  area  (true) 

m[{A,-AT)/A,]x  100 


Rate  of  loading  >  0  H7A/ 

Rateofsaesang(nomiiiai)  ^ 

Rate  of  straining  «  iul&i  -  (AL/L,)&i 

For  the  case  where  the  volume  of  the  test  specimen 
does  not  change  during  the  test,  the  following  three 
relations  bold 

er  “  <>(  1  +  «)  “  «L/L, 

9(fT  ”  I  +■  *1/)  ”  Ov  LtJLm 
Am  AJ(1  -*•  t) 


(IL 

□ _ _ 

li 

i 

‘  I-O 

j 

- H 

FIG.  Al.l  lUattniioa  ofTrae  Stnia  Eqauiaa 
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Strain 


FIG.  AIJ  Offset  Vteld  Stmgth 


APPENDIX 


(NonnuuMlatory  Infonnation) 
XI.  TOE  COMPENSATION 


XI. 1  In  a  typical  stress-strain  curve  (Fig.  XI.Dthere 
is  a  toe  region.  AC,  that  does  not  represent  a  property 
of  the'  material.  It  is  an  artifact  cau^  by  a  takeup  of 
slack,  and  alignment  or  seating  of  the  spenmen.  in 
order  to  obtain  cornea  values  of  such  parameters  as 
modulus,  strain,  and  offsa  yield  point,  this  artifaa  must 
be  compensated  for  to  give  the  corrected  zero  point  on 
the  strain  or  extension  axis. 

X 1 .2  In  the  case  of  a  material  exhibiting  a  region  of 
Hookean  (linear)  behavior  (Fig.  XI. 1),  a  continuation 
of  the  linear  (CD)  region  of  the  curve  is  constructed 
through  the  zero-stress  axis.  This  intersection  (D)  is  the 
corrected  zero-strain  point  (iom  which  all  extensions 
or  strains  must  be  measured,  including  the  yield  offsa 
(5E),  if  applicable.  The  elastic  modulus  can  be  daer- 
mined  by  dividing  the  stress  at  any  point  along  the  line 


CD  (or  Its  extension)  by  the  strain  ai  the  same  point 
(measured  from  po;r'.  B.  defined  as  zero-strain). 

X 1 .3  In  the  case  of  a  matenaJ  that  does  not  exhibit 
any  linear  region  (Fig  X1.2).  the  same  kind  of  loc 
contoion  of  ihe  zero-strain  poim  can  be  made  by 
constructing  a  tangent  to  the  maximum  slope  at  the 
inflection  point  (//').  This  is  extended  to  intersea  the 
strain  axis  at  point  B'.  the  corrected  rsro-'tnun  poau. 
Using  point  B'  as  zero  strain,  the  stress  at  any  point 
iC)  on  the  curve  can  be  divided  by  the  strain  at  that 
point  to  obtain  a  secant  modulus  (slope  of  line  B'  G'). 
For  those  nuteriais  with  no  linear  region,  any  attempt 
to  use  the  tangent  through  the  tnilection  point  as  a  basis 
for  daerminatiOD  of  an  offset  yield  point  may  result  in' 
unacceptable  error. 
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Note — Some  chan  recorders  piot  the  mirror  imafc  of  thu 

Note — Some  chan  recorders  plot  the  mirror  imafe  of  this  (raph- 
traph.  fig.  X1.2  Material  with  No  Hookcaa  lU|iaa 

FIG.  XI. I  Material  with  Hookeaa  Rc(io« 

The  American  Society  for  Testing  and  Materials  takes  no  position  respecting  the  ralidity  of any  patent  rights  asserted  in  comeaion 
with  any  item  metuioned  in  this  standard.  Users  of  this  standard  are  expressly  adrised  that  determiruaion  the  ralidity  pf  any  such 
patera  rights,  and  the  risk  of  infringement  of  such  rights,  are  emireiy  their  own  responsibiiity. 

This  standard  is  subject  to  rerision  at  any  time  by  the  responsible  technical  commiuee  and  must  be  reriewed  erery  fire  years  and 
if  not  rerised.  either  reappeared  or  withdrawn.  Your  comments  are  inrited  either  for  rerision  of  this  standard  or  for  additional 
standards  and  should  be  addressed  to  ASTM  Headauarters.  Your  comments  will  receire  carefid  consideration  at  a  meeting  of  the 
responsible  technical  committee,  which  you  may  attend.  If  you  feel  that  your  comments  hare  not  receired  a  fair  hearing  you  should 
make  your  riews  known  to  the  ASTM  Committee  on  Standards,  1916  Race  Sl,  Philadelphia.  Pa.  19103. 
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COMPRESSIVE  PROPERTIES  OF  RIGID  PLASTICS' 


This  standard  is  issued  under  the  fixed  designation  D  695:  the  number  immediately  following  the  designation  indicates  the  year  of 
original  adoption  or.  in  the  case  of  revision,  the  year  of  last  revision.  A  number  in  parentheses  indicates  the  year  of  last  rcapprovaL 
A  superscript  epsilon  (<)  indicates  an  editorial  change  since  the  last  revision  or  leapproval. 

This  test  method  has  been  approved  for  use  by  ageruies  of  the  Department  of  Defense  to  replace  Method  1021  of Federal  Test  Method 
Standard  406  and  for  listing  in  the  DoD  Iruiex  of  Specifications  and  Standards. 


1.  Scope 

1 . 1  This  test  method  covers  the  determination 
of  the  mechanical  properties  of  rigid  plastics 
when  loaded  in  compression  at  relatively  low 
uniform  rates  of  straining  or  loading.  Test  speci¬ 
mens  of  standard  shape  arc  employed. 

1.2  The  values  stated  in  SI  units  arc  to  be 
regarded  as  the  standard. 

1 .3  This  standard  may  involve  hazardous  ma¬ 
terials.  operations,  and  equipment.  This  standard 
does  not  purport  to  address  all  of  the  safety  prob¬ 
lems  associated  with  its  use.  It  is  the  responsibil¬ 
ity  of  whoever  uses  this  standard  to  consult  and 
establish  appropriate  safety  and  health  practices 
and  determine  the  applicability  of  regulatory  limi¬ 
tations  prior  to  use. 

2.  Applicable  Documents 

2.1  ASTM  Standards: 

D  6 1 8  Methods  of  Conditioning  Plastics  and 
Electrical  Insulating  Materials  for  Testing^ 

D  638  Test  Method  for  Tensile  Properties  of 
Plastics^ 

D  4066  Specification  for  Nylon  Injection  and 
Extrusion  Materials  (PA)^ 

E  4  Methods  of  Load  Veri.fication  of  Testing 
Machines^-^ 

E  83  Method  of  Verification  and  Qassifica- 
tion  of  Extensometers* 

3.  Significance  and  Use 

3.1  Compression  tests  provide  information 
about  the  compressive  properties  of  plastics  when 
employed  under  conditions  approximating  those 
under  which  the  tests  are  made. 

3.2  Compressive  properties  include  modulus 


of  elasticity,  yield  stress,  deformation  beyond 
yield  point,  and  compressive  strength  (unless  the 
material  merely  flattens  but  docs  not  fracture). 
Materials  possessing  a  low  order  of  ductility  may 
not  exhibit  a  yield  point.  In  the  case  of  a  material 
that  fails  in  compression  by  a  shattering  fracture, 
the  compressive  strength  has  a  very  definite 
value.  In  the  case  of  a  material  that  does  not  fail 
in  compression  by  a  shattering  fracture,  the  com¬ 
pressive  strength  is  an  arbitrary  one  depending 
upon  the  degree  of  distortion  that  is  regarded  as 
indicating  complete  failure  of  the  material.  Many 
plastic  materials  will  continue  to  deform  in  com¬ 
pression  until  a  flat  disk  is  produced,  the  com¬ 
pressive  stress  (nominal)  rising  steadily  in  the 
process,  without  any  well-defined  fracture  occur¬ 
ring  Compressive  strength  can  have  no  real 
meaning  in  such  cases. 

3.3  Compression  tests  provide  a  standard 
method  of  obtaining  data  for  research  and  devel¬ 
opment,  quality  control,  acceptance  or  rejection 
under  specifications,  and  special  purposes.  The 
tests  cannot  be  considered  significant  for  engi¬ 
neering  design  in  applications  differing  widely 
from  the  load-time  scale  of  the  standard  test. 
Such  applications  require  additional  tests  such  as 
impact,  creep,  and  fatigue. 


'This  ust  method  is  under  the  junsdktion  of  ASTM  Com¬ 
mittee  [V20  on  Plastics  and  is  the  direct  responsibility  oT  Sub¬ 
committee  D20.I0  on  Mechanical  Properties. 

Current  edition  approved  July  27, 1 9S4.  Published  September 
1984.  Originally  published  as  D  695  -42  T.  Last  previous  edi¬ 
tion  D  695  -  80. 

^Annual  Book  cf ASTM  Standards.  Vol  08.01. 

^Annual  Book  of  ASTM  Standards.  Vol  08.03. 

*  Annual  Book  pf  ASTM  Staruiards.  Vol  03.0 1 . 
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Institute  for  Plastics  Innovation 


University  of  Massachusetts  Lowell 
333  Aiken  Street 
Lowell,  MA  01854 
Telephone  (508)  934-3445 
Fax:  (508)  937-9877 

February  25,  94 


To; 

Mr.  Delores  Campbell 

Defense  Technology  Information  Ctr. 

Cameron  Station  Bltlg.  5 
Alexandria,  VA  22304-614 
Tel:  (703)  274-6X37 
Fax:  (703)  274-9307 

Dear  Mr.  Campbell: 

1  am  enclosing  ASTM  D  695-X9  specification  on  "Compressive  Properties  of  Rigid 
Plastics”  which  you  can  use  to  replace  the  one  with  missing  pages  (p-243-2X4)  in  our  Air 
Force  Report  #PL-TR-92-3056  on  "Physical  Properties  of  Injection  Molded  Liquid 
Crystal  Polymers  and  High  Temperature  Engineering  Polymers".  Please  also  correct  our 
names  on  the  cover  page  of  the  report  by  the  following: 


Dr.  Nick  R.  Schott 
Dr.  Robert  E.  Nunn 
Dr.  Miftahur  Rahman 
Mr.  Sudesh  Appaji 

7’hank  you. 


Sincerely, 


Dr.  N.  R.  Schott 
Director,  IPI 


innovation  in  plastics  manufacturing. 
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1.  Scope 

1. 1  This  test  method  covers  the  determination  of  the 
mechanical  properties  of  unreinforced  and  reinforced  rigid 
plastics,  including  high-modulus  composites,  when  loaded  in 
compression  at  relatively  low  uniform  rates  of  straining  or 
loading.  Test  specimens  of  standard  shape  are  employed. 

1.2  The  values  stated  in  SI  units  are  to  be  regarded  as  the 
standard. 

Note  1 — A  complete  metric  companion  to  Test  Method  D  695  has 
been  developed — D695M. 

Note  2 — For  compressive  properties  of  resin-matrix  composites 
reinforced  with  oriented  continuous,  discontinuous,  or  cross-ply  rein¬ 
forcements,  tests  may  be  made  in  accordance  with  Test  Method  D  3410. 

1.3  This  standard  may  involve  hazardous  materials,  oper¬ 
ations.  and  equipment.  This  standard  does  not  purport  to 
address  all  of  the  safety  problems  associated  with  its  use.  It  is 
the  responsibility  of  the  user  of  this  standard  to  establish 
appropriate  safety  and  health  practices  and  determine  the 
applicability  of  regulatory  limitat  ions  prior  to  use. 

2.  Referenced  Documents 

2. 1  .-15r.V/  Standards: 

D618  Methods  of  Conditioning  Plastics  and  Electrical 
Insulating  Materials  for  Testing* 

D638  Test  Method  for  Tensile  Properties  of  Plastics' 

D695M  Test  Method  for  Compressive  Propenies  of  Rigid 
Plastics  (Metric]’ 

D341U  Test  Method  for  Compressive  Propenies  of  Unidi¬ 
rectional  Crossply  Fiber-Resin  Composites^ 

D4066  Specification  for  Nylon  Injection  and  E.xtrusion 
Materials'* 

F  4  Practices  for  Load  Verification  ofTesting  Machines'*-'' 

1.  S3  Practice  for  Verification  and  Classification  of  Exten- 
somclcrs' 

E  691  Practice  for  Conducting  an  Interlaboratory  Test 
Study  to  Determine  the  Precision  of  Test  Methods" 

3.  Terminology 

3.1  Definitions: 


■  Ih:‘.  tv".:  nicthiKJ  r.  u  .vJc:  thv  unvlutuMi  ASTM  (  ommilicc  l>0'‘  i*n 
I’laMicv  anJ  i'  the  vlifcct  responsibility  ol'  Subcommittee  I)20, 10  on  Mechanical 
F*r«tpcftics 

Current  eiliiion  Jan.  27,  IQS^.  Published  March  Onginally 

published  as  D  695  -  42  T.  Last  presious  edition  D  695  -  S.'f. 

■  Annuj!  lStH*k  o^.-I.Vr.U  Siar:dard.\.  Vul  OS.Ol. 

'  inmud  ofASTM  <iuruhtrib  Vpl  I5.(i.V 

*  inmu!  of  .ISTM  Sur'Jjrd,  Vo!  OS.O.V 

'  Innuj!  /6'oA.  itl  .  tSlM  SunJjrJ',^  Vo!  O.LOl. 

Anntiu!  ‘'  ■  ‘s  vf  .  tSTM  Standards.  Vol  U.O'. 


3.1.1  compre.s.sivc  deformation — the  decrease  in  lenglli 
produced  in  the  gage  length  of  the  test  specimen  by  a 
compressive  load.  It  is  e.xprcssed  in  units  of  length. 

3.1.2  compressive  strain — the  ratio  of  compressive  defor¬ 
mation  to  the  gage  length  of  the  test  specimen,  that  is.  the 
change  in  length  per  iinii  of  original  length  along  the 
longitudinal  axis.  It  is  expressed  as  a  dimensionless  ratio. 

3.1.3  compressive  strength — (he  maximum  compressive 
stress  (noininal)  carried  by  a  test  specimen  during  a  compres¬ 
sion  test.  It  may  or  may  not  be  the  compressive  stress 
(nominal)  carried  by  the  specimen  at  the  moment  of  rupture. 

3.1.4  compressive  strength  at  failure  fnominal) — the  com¬ 
pressive  stress  (nominal)  sustained  at  the  moment  of  failure 
of  the  test  specimen  if  shattering  occurs. 

3.1.5  compressive  stress  (nominal) — the  compressive  load 
per  unit  area  of  minimum  original  cross  section  within  the 
gage  boundaries,  carried  by  the  test  specimen  at  any  given 
moment.  It  is  expressed  in  force  per  unit  area. 

.Note  3— The  expression  of  compressive  properties  in  terms  of  the 
minimum  original  cross  section  is  almost  universally  used.  Under  some 
circumstances  the  compressive  propenies  have  been  expressed  per  unit 
of  prevailing  cross  section.  These  properties  arc  called  ‘•true"  compres- 
>ivc  p'.opertics. 

3.1.6  compressive  stress-strain  diagram — a  diagram  in 
which  values  of  compressive  stress  arc  plotted  as  ordinates 
against  corresponding  values  of  compressive  strain  as  ab¬ 
scissas. 

3.1.7  cumprcs.sive  yield  point — the  first  point  on  the 
stress-strain  diagram  at  which  an  increase  in  strain  occurs 
without  an  increase  in  stress. 

3.1.8  compressive  yield  .strength — normally  the  stress  a' 
the  yield  point  (sec  also  3.1 !  V 

3.1.9  ernshing  load — the  maximum  compressive  force 
applied  to  the  specimen,  under  the  conditions  of  te.si.  that 
produces  a  designated  degree  of  failure. 

3.1.10  modulus  of  elasticity — the  ratio  of  stress  (nominal! 
tc  corresponding  strain  below  the  proportional  limit  of  a 
material.  It  is  expressed  in  force  per  unit  area  based  on  the 
average  initial  cross-sectional  area. 

3.1.1 1  ojfsct  compre.s.sivc  yield  strcnglii — the  stress  at 
which  the  strc.ss-sirain  curve  departs  from  linearity  bv  a 
speeilied  percentage  of  deformation  (ullseli. 

3.1.12  percentage  compressive  strain — the  compressive 
deformation  of  a  test  specimen  expressed  as  a  percentage  of 
the  original  gage  length. 

3.1.13  proporiinnol  limit — the  greatest  stress  that  a  mate 
rial  is  capable  of  sustaining  without  any  tiesiation  Iron' 
proportionality  of  stress  to  strain  (Hooke's  law).  It  is  ex¬ 
pressed  in  force  per  unit  area. 
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3.1.14  slenderness  ratio — ihe  ratio  of  the  length  of  a 
column  of  uniform  cross  section  to  its  least  radius  of 
gyration.  For  specimens  of  uniform  rectangular  cross  section, 
the  radius  of  gyration  is  0.289  times  the  smaller  cross- 
sectional  dimension.  For  specimens  of  uniform  circular  cross 
section,  the  radius  of  gyration  is  0.250  limes  the  diameter. 


4.  Significance  and  Use 

4.1  Compression  tests  provide  information  about  the 
compressive  properties  of  plastics  when  employed  under 
conditions  appro.ximating  those  under  which  the  tests  are 
made. 

4.2  Compressive  properties  include  modulus  of  elasticity, 
yield  stress,  deformation  beyond  yield  point,  and  compres¬ 
sive  strength  (unless  the  material  merely  flattens  but  does  not 
fracture).  Materials  possessing  a  low  order  of  ductility  may 
not  e.xhibit  a  yield  point.  In  the  ca.se  of  a  material  that  fails  in 
compression  by  a  shattering  fracture,  the  compressive 
strength  has  a  very  definite  value.  In  the  case  of  a  material 
that  does  not  fail  in  compression  by  a  shattering  fracture,  the 
compressive  strength  is  an  arbitrary  one  depending  upon  the 
degree  of  distortion  that  is  regarded  as  indicating  complete 
failure  of  the  material.  Many  plastic  materials  will  continue 
to  deform  in  compression  until  a  fiat  disk  is  produced,  the 
compressive  stress  (nominal)  rising  steadily  in  the  process, 
without  any  well-defined  fracture  occurring.  Compressive 
strength  can  have  no  real  meaning  in  such  cases. 

4.3  Compression  tests  provide  a  standard  method  of 
obtaining  data  for  research  and  development,  quality  con¬ 
trol.  acceptance  or  rejeaion  under  specifications,  and  special 
purposes.  The  tests  cannot  be  considered  significant  for 
engineering  design  in  applications  differing  widely  from  the 
load-time  scale  of  the  standard  test.  Such  applications 
require  additional  tests  such  as  impact,  creep,  and  fatigue. 


5.  .Apparatus 

3.1  Testing  Machine — Any  suitable  testing  machine  ca¬ 
pable  of  control  of  constant-rate-of<rosshead  movement  and 
comprising  essentially  the  following; 

5.1.1  Drive  Mechanism — A  drive  mechanism  for  im¬ 
parting  to  the  cross-head  movable  member,  a  uniform, 
controlled  velocity  with  respect  to  the  base  (fi.xed  member), 
this  velocity  to  be  regulated  as  specified  in  Section  9. 

5.1.2  Load  Indicator — A  load-indicating  mechanism  ca¬ 
pable  of  showing  the  total  compressive  load  carried  by  the 
test  specimen.  The  mechanism  shall  be  essentially  free  from 
inertia-lag  at  the  specified  rate  of  testing  and  shall  indicate 
the  load  vvith  an  accuracy  of  ±I  fo  of  the  ma.ximum 
indicated  value  of  the  test  (load).  The  accuracy  of  the  testing 
machine  shall  be  verified  at  least  once  a  year  in  accordance 
*ith  Practices  E  4. 

5.2  Compressometer — .A  suitable  instrument  for  deter¬ 
mining  the  distance  between  two  fixed  points  on  the  test 
specimen  at  any  time  during  the  test.  It  is  desirable  that  this 
instrument  automatically  record  this  distance  (or  any  change 
in  it)  as  a  function  of  the  load  on  the  test  specimen.  The 
instrument  shall  be  essentially  free  of  inertia-lag  at  the 
specified  rate  of  loading  and  shall  conform  to  the  rcquirc- 


Note — Devices  similar  to  the  one  illustrated  have  been  successfully  used  in  a 
number  of  different  laboratories.  Details  of  the  device  developed  at  Ihe  National 
Bureau  of  Standards  are  given  in  the  paper  by  Aitchinson,  C.  S.,  and  Miller,  J.  A.. 
"A  Subpress  lor  Compressive  Tests,"  Natl.  Advisory  Committee  lor  Aeronautics, 
Technical  Note  No.  912.  1943. 

FIG.  1  Subpress  for  Compression  Tests 


FIG.  2  Compression  Tool 


ments  for  a  Class  B-2  exicnsomctcr  as  defined  in  Practice 
E83. 

Note  4 — The  requirements  for  e.Mcnsometers  cited  herein  apply  to 
compressomeiers  as  well. 

5.3  Compression  Tool — .A  compression  tool  for  applying 
the  load  to  the  test  specimen.  This  tool  shall  he  so  con¬ 
structed  that  loading  is  axial  within  l:l(X)0  and  applied 
through  surfaces  that  are  Hat  within  0.025  mm  (0.00 1  in.) 
and  parallel  to  each  other  in  a  plane  normal  to  ihe  w'nical 
loading  axis.  Examples  of  suitable  compression  tools  are 
$hown  in  Figs.  I  and  2. 
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FIG.  3  Support  Jig  lor  Thi»  Sp«cim«n 


5.4  Supporting  Jig — A  supporting  jig  for  thin  specimens  is 
shown  in  Figs.  3  and  4. 

5.5  Micrometers — Suitable  micrometers,  reading  to  0.01 
mm  or  O.UOl  in.  for  measuring  the  width,  thickness,  and 
length  of  the  specimens. 


length  is  twice  its  principal  width  or  diameter  i 
specimen  sizes  arc  1 2.7  by  1 2.7  by  25.4  mm  (0.50  i  ■ 
1  in.)  (prism),  or  12.7  mm  (0.50  in.)  in  diameter  b> 

(I  in.)  (cylinder).  Where  elastic  modulus  and  ol 
stress  data  are  desired,  the  test  specimen  shall  1- 
dimensions  that  the  slenderness  ratio  is  in  the  ran(: 
to  16:1.  In  this  case,  preferred  specimen  sizes  ar 
12.7  by  50.8  mm  (0.50  by  0.50  by  2  in.)  (prism),  or 
(0.50  in.)  in  diameter  by  50.8  mm  (2  in.)  (cylinde: 

6.3  For  rod  material,  the  test  specimen  sha. 
diameter  equal  to  the  diameter  of  the  rod  and  a 
length  to  allow  a  specimen  slenderness  ratio  in 
from  1 1  to  16:1. 

6.4  When  testing  tubes,  the  test  specimen  sha 
diameter  equal  to  the  diameter  of  the  tube  and  a 

25.4  mm  (1  in.)  (Note  5).  For  crushing-load  deten 
(at  right  angles  to  the  longitudinal  a.xis).  the  spec 
shall  be  the  same,  with  the  diameter  becoming  the 

Note  5 — This  specimen  can  be  used  for  tubes  with  a  wa 
of  1  mm  (0.039  in.)  or  over,  to  inside  diameters  of  6.4  mm  (' 
over,  and  to  outside  diameters  of  50.8  mm  (2.0  in.)  or  less. 


6.  Test  Specimens 

6.1  Unless  otherwise  specitted  in  the  materials  specifica¬ 
tions,  the  specimens  described  in  6.2  and  6.7  shall  be  used. 
These  specimens  may  be  prepared  by  machining  operations 
from  materials  in  sheet,  plate,  rod.  tube,  or  similar  form,  or 
they  may  be  prepared  by  compression  or  injection  molding 
of  the  material  to  be  tested.  All  machining  operations  shall 
be  done  carefully  so  that  smooth  surfaces  result.  Great  care 
shall  be  taken  in  machining  the  ends  so  that  smooth,  flat 
parallel  surfaces  and  sharp,  clean  edges  to  within  0.025  mm 
(0.001  in.)  perpendicular  to  the  long  axis  of  the  specimen, 
result. 

6.2  The  standard  test  specimen,  except  as  indicated  in  6.3 
to  6.7,  shall  be  in  the  form  of  a  right  cylinder  or  prism  whose 


-6.5  Where  it  is  desired  to  test  conventional  high 
laminates  in  the  form  of  sheets,  the  thickness  of  wh 
than  25.4  mm  (1  in.),  a  pile-up  of  sheets  25.4  mi 
square,  with  a  sufficient  number  of  layers  to  produce 
of  at  least  25.4  mm  (1  in.),  may  be  used. 

6.6  When  testing  material  that  may  be  susp 
anisotropy,  duplicate  sets  of  test  specimens  shall  be 
having  their  long  axis  respectively  parallel  with  anc 
to  the  suspected  direction  of  anisotropy, 

6.7  Reinforced  Plastics.  Including  High-Strength  i 
ites  and  High-Strength  Composites  and  Highly  Or 
Laminates — The  following  specimens  shall  be  i 
reinforced  materials,  or  for  other  materials  when  net 
comply  with  the  slenderness  ratio  requirements  or  t 
attachment  of  a  deformation-measuring  device. 


Note  1 — Cow  roled  sled. 

Note  2 — Furrasned  (our  steel  mecrane  screws  end  nuts,  round  head,  slotted,  length  31 .75  mm  (1  '/<  n.). 
Note  3 — Grind  surfaces  denoted  "Gr." 

FIG.  4  Support  Jig,  Detaile 
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190  cm 
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3.81  cm 
ll.S*) 


I 


1.27  cm 
(0  50“) 


7.94  cm 
(3.I3“) 


—  3.81cm  RADIUS 
(1.5") 


FIG.  S  Compression  Test  Specimen  for  Materials  Less  than  3.2  mm  Thick 


6.7. 1  For  materials  3.2  mm  (‘/s  in.)  and  over  in  thickness. 
.:  specimen  shall  consist  of  a  prism  having  a  cross  section  of 
12.7  mm  ('/:  in.)  by  the  thickness  of  the  material  and  a 
length  such  that  the  slenderness  ratio  is  in  the  range  from  1 1 
to  16:1  (Note  6). 

6.7.2  For  materials  under  3.2  mm  (‘/s  in.)  thick,  or  where 
elastic  modulu^  testinn  is  required  and  the  slenderness  ratio 
does  not  provide  for  enough  length  for  attachment  of  a 
compressometer  or  similar  device,  a  specimen  conforming  to 
that  shown  in  Fig.  6  shall  be  used.  The  supporting  jig  shown 
in  Figs.  3  and  4  shall  be  used  to  support  the  specimen  during 
test  (Note  7). 

Note  6— If  failure  for  materials  in  the  thickness  range  of  3.2  mm  ('/» 
in.)  is  by  debmination  rather  than  by  the  desirable  shear  plane  fracture, 
the  material  may  be  tested  in  accordance  with  6.7.2. 

>JOTE  7— Round-robin  tests  have  established  that  relatively  satisfac¬ 
tory  measurements  of  modulus  of  elasticity  may  be  obtained  by  applying 
a  compressometer  to  the  edges  of  the  jig-supported  specimen. 

6.8  When  testing  syntactic  foam,  the  standard  test  spec¬ 
imen  shall  be  in  the  form  of  a  right  cylinder  25.4  mm  ( I  in.) 
in  diameter  by  50.8  mm  (2  in.)  in  length. 

7.  Conditioning 

7.1  Coruiitionini;— Condition  the  test  specimens  at  23  ± 
2*C  (73.4  ±  3.6*F)  and  50  ±  5  relative  humidity  for  not 
less  than  40  h  prior  to  test  in  accordance  with  Procedure  A  of 
Methods  D618.  for  those  tests  where  conditioning  is  re¬ 
quired.  In  cases  of  disagreement,  the  tolerances  shall  be  TC 
( 1.8*F)  and  ±2  ‘^c  relative  humidity. 

7.1.1  Note  that  for  some  hygroscopic  materials,  such  as 
nylons,  the  material  specifications  (for  example.  Specifica¬ 
tion  D  4066)  call  for  testing  "dry  as-molded  specimens." 
Such  requirements  take  precedence  over  the  above  routine 
preconditioning  to  50  ‘c  RH  and  require  sealing  the  speci¬ 
mens  in  water  vapor-impermeable  containers  as  soon  as 
molded  and  not  removing  them  until  ready  for  testing. 

7.2  Test  Ctmdiiions — Conduct  tests  in  the  Standard  Lab¬ 
oratory  .Atmosphere  of  23  ±  2*C (73.4  ±  3.6*R  and  50  ±  5  '7 
relative  humidity,  unless  otherwise  specified  in  the  test 
methods.  In  cases  of  disagreement,  the  tolerances  shall  be 
1*C  ( l.8*F)  and  ±2  ‘r  relative  humidity. 

8.  Number  of  Test  Specimens 

8.1  .At  least  five  specimens  shall  be  tested  for  each  sample 


in  the  case  of  isotropic  materials. 

.S.2  Ten  specimens,  five  ner-ria!  to  and  fn.’c  parallel  with 
the  principal  a.xis  of  anisotropy,  shall  be  tested  for  each 
sample  in  the  case  of  anisotropic  materials. 

8.3  Specimens  that  break  at  some  obvious  fortuitous  flow 
shall  be  discarded  and  retests  made,  unless  such  flaws 
constitute  a  variable,  the  effect  of  which  it  is  desired  to  study. 

9.  Speed  of  Testing 

9. 1  Speed  of  testing  shall  be  the  relative  rate  of  motion  of 
the  grips  or  test  fi.xtures  during  the  test.  Rate  of  motion  of  the 
driven  grip  or  future  when  the  machine  is  running  idle  may 
be  used  if  it  can  be  shown  that  the  resulting  speed  of  testing  is 
within  the  limits  of  variation  allowed, 

9.2  The  standard  speed  of  testing  shall  be  1.3  ±  0.3  mm 
(0.050  ±  0.010  in.)/min.  e,xcept  as  noted  in  10.5.4. 

10.  Procedure 

10.1  Measure  the  width  and  thickness  of  the  specimen  to 
the  nearest  0.01  mm  (0.001  in.)  at  several  points  along  its 
length.  Calculate  and  record  the  minimum  value  of  the 
cross-sectional  area.  Measure  the  length  of  the  specimen  and 
record  the  value. 

10.2  Place  the  test  specimen  between  the  surfaces  of  the 
compression  tool,  taking  care  to  align  the  center  line  of  its 
long  a,\is  with  the  center  line  of  the  plunger  and  to  ensure 
that  the  ends  of  the  specimen  are  parallel  with  the  surface  of 
the  compression  tool.  .Adjust  the  crosshcad  of  the  testing 
machine  until  it  just  contacts  the  top  of  the  compression  tool 
plunger. 

Norr  .S — The  compression  lool  may  not  he  necessary  for  testing  of 
lower  modulus  (for  esample.  100  IMXI  to  500  (MK)  psil  material  if  the 
loading  surfaces  are  maintained  smooth,  tiat.  and  parallel  to  the  e.stent 
that  buckling  is  not  incurred. 

10.3  Place  thin  specimens  in  the  jig  (Figs.  3  and  4)  so  that 
they  are  flush  with  the  base  and  centered  (Note  9).  The  nuts 
or  screws  on  the  jig  shall  he  finger  tight  (Note  10).  Place  the 
assembly  in  the  compression  tool  as  described  in  5.3. 

Note  V — A  round-rohin  test,  designed  to  assess  the  influence  of 
specimen  positioning  in  the  supporting  jig  (that  is.  flush  versus  centered 
mounting),  showed  no  significant  elTccl  on  compressive  strength  due  to 
this  variable.  However,  flush  mounting  of  the  specimen  with  the  base  of 
the  jig  is  specitied  for  convenience  and  ease  of  mounting.  Substantiating 
data  arc  filed  at  .ASTM  Headquarters  (RR:D20-I()(il). 
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:  Ndtc  10— a  rounO-robin  test  on  ihc  oflcoi  ofUlcral  i>icv>uic  al  ilic 
Slip;  oning  jig  has  established  that  reproducible  data  can  he  obtained 
wifi,  the  tightness  of  the  jig  controlled  as  indicated. 

!  ).4  ir  only  compressive  strength  or  compressive  yield 
strength,  or  both,  arc  dcsirctl.  proceed  as  I'ollows; 

!:).4.1  Set  the  speed  control  at  1.3  mm/min  (0.050 
iii./min)  and  start  the  machine. 

1 0.4.2  Record  the  ma.ximum  load  carried  by  the  specimen 
during  the  test  (usually  this  will  be  the  load  at  the  moment  of 
rtip’.urc). 

1  ).5  If  stress-strain  data  are  desired,  proceed  as  follows: 

id.5.1  Attach  compressometer. 

10.5.2  Set  the  speed  control  at  1.3  mm/min  (0.050 
in./min)  and  start  the  machine. 

10.5.3  Record  loads  and  corresponding  compressive 
strain  at  appropriate  intervals  of  strain  or.  if  the  test  machine 
is  equipp^  with  an  automatic  recording  device,  record  the 
complete  load-deformation  curve. 

I:X5.4  After  the  yield  point  has  been  reached,  it  may  be 
desirable  to  increase  the  speed  from  5  to  6  mm/min  (0.20  to 
0.2;-  in./min)  and  allow  the  machine  to  run  at  this  speed 
uhtd  the  specimen  breaks.  This  may  be  done  only  with 
rd:  ively  ductile  materials  and  on  a  machine  with  a  weighing 
system  with  response  rapid  enough  to  produce  accurate 
results. 

11.  Calculation 

11.1  Compressive  Strength — Calculate  the  compressive 
strength  by  dividing  the  ma.ximum  compressive  load  carried 
bV  the  specimen  during  the  test  by  the  original  minimum 
cross-sectional  area  of  the  specimen.  E.\press  the  result  in 
megapascals  or  pounds-forcc  per  square  inch  and  report  to 
three  significant  figures. 

1 1.2  Compressive  Yield  Strength — Calculate  the  compres¬ 
sive  yield  strength  by  dividing  the  load  carried  by  the 
specimen  at  the  yield  point  by  the  original  minimum 
cross-sectional  area  of  the  specimen.  Express  the  result  in 
megapascals  or  pounds-force  per  square  inch  and  report  to 
three  significant  figures. 

1 1 .3  Offset  Yield  Strength — Calculate  the  olTsct  yield 
strength  by  the  method  referred  to  in  4.10. 

1 1 .4  Modtdus  of  Calculate  the  modulus  of 

elasticity  by  drawing  a  tangent  to  the  initial  linear  ponion  of 
the  load  deformation  curve,  selecting  any  point  on  this 
straight  line  portion,  and  dividing  the  compressive  stress 
represented  by  this  point  by  the  corresponding  strain,  meas¬ 
ure  from  the  point  where  the  extended  tangent  line  intersects 
the  strain-axis.  Express  the  result  in  gigapascals  or  pounds- 
forcc  per  square  inch  and  report  to  three  significant  figures. 

1 1.5  For  each  series  of  tests,  calculate  to  three  significant 
figures  the  arithmetic  mean  of  all  values  obtained  and  report 
as  the  “average  value"  for  the  particular  property  in  question. 

1 1.6  Calculate  the  standard  deviation  (estimated)  as  fol¬ 
lows  and  report  to  two  significant  figures: 

s  -  v'('S.V-’'-  n.r=VUi"- 1j 

where: 

s  »  estimated  standard  deviation. 

X  =»  value  of  single  observation. 
n  >•  number  of  observations,  and 


X  =  arithmetic  mean  of  the  set  of  observations. 

Noti;  1 1— The  method  for  determining  the  olTset  compr. 
strength  is  similar  to  that  described  in  the  Annex  of  Test  ,Mcil 

1 1. 7  See  Appendix  \l  for  information  on  toe  c. 
tioi; 

!2.  Report 

1 2. 1  The  report  shall  include  the  following: 

1 2. 1. 1  Complete  identification  of  the  materi;. 
including  type,  source,  manufacturer's  code  numb 
principal  dimensions,  previous  history,  etc.. 

1 2. 1. 2  Method  of  preparing  test  specimens. 

1 2. 1. 3  Type  of  test  specimen  and  dimensions. 

12.1.4  Conditioning  procedure  used. 

1 2. 1. 5  Atmospheric  conditions  in  test  room. 

12.1.6  Number  of  specimens  tested, 

12.1.7  S  peed  o  f  test  i  ng. 

12.1.8  Compressive  strength,  average  value,  and  ' 

deviation.  I 

1 2. 1 .9  Compressive  yield  strength  and  offset  yieltij 
average  value,  and  standard  deviation,  when  of  inti-^ 

12.1.10  Modulus  of  elasticity  in  compression  (if  r^= 

average  value,  standard  deviation,  and  j 

12.1.11  Date  of  test.  ^ 

j 

13.  Precision  and  Bias^  I 

1 3. 1  Tables  1  and  2  are  based  on  a  round  robin  C(| 
in  1987  per  Practice  E691.  involving  three  materi;! 
by  six  laboratories  for  D  695M.  Since  the  test  pal 
overlap  within  tolerances  and  the  test  values  are  nor 
the  same  data  is  used  for  both  methods.  For  each  i 
all  of  the  samples  were  prepared  at  one  source.  E 
result  was  the  average  of  five  individual  determi 
Each  lab  obtained  two  test  results  for  each  material; 

Note  12— Caution:  The  following  explanations  of  r  am 
through  13.2.3)  are  only  intended  to  present  a  meaningft 
considering  the  approximate  precision  of  this  test  method.  T; 
Tables  I  and  2  should  not  be  rigorously  applied  to  acce 
rejection  of  material,  as  those  data  are  specific  to  the  round 
may  not  be  representative  of  other  lots,  conditions,  m;: 
laboratories.  Users  of  this  test  method  should  apply  the 
outlined  in  Practice  E691  to  generate  data  specific  to  their 
and  materials  or  between  specific  laboratories.  The  principl 
through  1 3.2.3  would  then  be  valid  for  such  data. 

13.2  Concept  of  r  and  R — If  S  (r)  and  5  (/?)  h 
calculated  from  a  large  enough  body  of  data,  an 
re.sult5  that  were  averages  from  testing  five  specimt 

1 3.2. 1  Repeatability,  r — Comparing  two  test  n 
the  same  material,  obtained  by  the  same  operator 
same  equipment  on  the  same  day.  The  two  te: 
should  be  judged  not  equivalent  if  they  differ  by  m 
the  r  value  for  that  material. 

13.2.2  Reproducibility.  R — Comparing  two  result 
same  material,  obtained  by  dilTcrcnt  operators  u 
ferent  equipment  on  dilTerent  days.  The  two  tes 
should  be  Judged  not  equivalent  if  they  dilTcr  by  moi 
value  for  that  material. 


^  Supponing  data  arc  available  from  ASTSt  Hcailquanctv  R 

d-;mi.'o. 
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13.2.3  Any  judgement  per  13.2.1  and  13.2.2  would  have 
an  appro.ximate  95  (0.95)  probability  of  being  correct. 


13.3  There  are  no  recognized  standards  by  which  to 
estimate  bias  of  this  test  method. 


(Nonmandalory  Information) 

\I.  TOE  CO.MPENS.VriON 


.XI. 1  In  a  typical  stress-strain  curve  (Fig.  XI. 1)  there  is  a 
toe  region.  .IC.  that  does  not  represent  a  property  of  the 
material.  It  is  an  artifact  caused  by  a  takeup  of  slack,  and 
alignment  or  seating  of  the  specimen.  In  order  to  obtain 
correct  values  of  such  parameters  as  modulus,  strain,  and 
otTset  yield  point,  this  artifact  must  be  compensated  for  to 
give  the  corrected  zero  point  on  the  strain  or  e.xtension  a.xis. 

XI.2  In  the  case  of  a  material  exhibiting  a  region  of 
Hookean  (linear)  behavior  (Fig.  X 1 . 1 ).  a  continuation  of  the 
linear  (CD)  region  of  the  curve  is  constructed  through  the 
zero-stress  a.xis.  This  intersection  (B)  is  the  corrected  zero- 
strain  point  from  which  all  extensions  or  strains  must  be 
measured,  including  the  yield  offset  {BE),  if  applicable.  The 
elastic  modulus  can  be  determined  by  dividing  the  stress  at 


any  point  along  the  line  CD  (or  its  extension)  by  the  strain  at 
the  same  point  (measured  from  point  B.  defined  as  zero- 
strain). 

.X1.3  In  the  case  of  a  material  that  does  not  c.xhibit  any 
linear  region  (Fig.  XI. 2).  the  same  kind  of  toe  correction  of 
the  zero-strain  point  can  be  made  by  constructing  a  tangent 
to  the  maximum  slope  at  the  inflection  point  {//').  This  is 
extended  to  intersect  the  strain  axis  at  point  B',  the  corrected 
zero-strain  point.  Using  point  B'  as  zero  strain,  the  stress  at 
any  point  (C')  on  the  curve  can  be  divided  by  the  strain  at 
that  point  to  obtain  a  secant  modulus  (slope  of  line  B'  G'). 
For  those  materials  with  no  linear  region,  any  attempt  to  use 
the  tangent  through  the  inflection  point  as  a  basis  for 
determination  of  an  offset  yield  point  may  result  in  unac¬ 
ceptable  error. 


Note— Some  cnan  recorders  plot  the  mirror  image  of  this  graph. 
FIG.  X1.1  Material  with  Hookean  Region 


Note— Some  chan  recorders  plot  the  mirror  image  ol  this  graoh. 
FIG.  X1.2  Material  with  No  Hookean  Region 


the  Amwican  Society  for  Testing  and  Materials  takes  no  position  respecting  the  validity  of  any  patent  rights  asserted  in  connection 
with  any  item  menfiorted  m  this  standard.  Users  of  this  standard  are  etpressly  advised  that  determination  of  the  validity  of  any  such 
patent  rights,  and  the  risk  ol  iniringement  ol  such  rights,  are  entirely  their  own  responsipihty. 


This  standard  is  subject  to  revision  at  any  time  by  the  responsible  technical  committee  and  must  be  revmred  every  I've  years  and 
if  not  revised,  either  reapproved  or  withdrawn.  Your  comments  are  invited  either  ter  revision  ol  this  standard  or  lor  adOihonal  standards 
and  should  be  addressed  to  ASTM  Headguarters.  Your  comments  will  receive  carelul  consideration  at  a  meeting  ol  the  responsible 
technical  committee,  which  you  may  attend.  II  you  feet  that  yout  comments  have  not  received  a  fair  hearing  you  sneoftf  mafie  your 
vieivs  known  to  me  ASTM  Committee  on  Standards,  1918  Race  St.,  Philadelphia.  PA  t9f03. 
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4.  Definitions 

4.1  compressive  stress  (nominal) — the  com¬ 
pressive  load  per  unit  area  of  minimum  original 
cross  section  within  the  gage  boundaries,  carried 
by  the  test  specimen  at  any  given  moment  It  is 
expressed  in  force  per  unit  area. 

Nort  1 — The  expression  of  compiessive  properties 
in  terms  of  the  minimum  original  cross  section  is  almost 
universally  used.  Under  some  circumstances  the  com¬ 
pressive  properties  have  been  expressed  per  unit  of 
prevailing  cross  section.  These  properties  are  called 
“true"  compressive  properties. 

4.2  compressive  strength — the  maximum 
compressive  stress  (nominal)  carried  by  a  test 
specimen  during  a  compression  test  It  may  or 
may  not  be  the  compressive  stress  (nominal) 
carried  by  the  specimen  at  the  moment  of  rup¬ 
ture. 

4.3  compressive  strength  at  failure  (nomi¬ 
nal) — the  compressive  stress  (nominal)  sustained 
at  the  moment  of  failure  of  the  test  specimen  if 
shattering  occurs. 

4.4  compressive  deformation — the  decrease  in 
length  produced  in  the  gage  length  of  the  test 
specimen  by  a  compressive  load.  It  is  expressed 
in  units  of  length. 

4.5  compressive  strain — the  ratio  of  compres¬ 
sive  deformation  to  the  gage  length  of  the  test 
.specimen,  that  is,  the  change  in  length  per  unit 
of  original  length  along  the  longitudinal  axis.  It 
is  expressed  as  a  dimensionless  ratio. 

4.6  percentage  compressive  strain — the  com¬ 
pressive  deformation  of  a  test  specimen  expressed 
as  a  percentage  of  the  original  gage  length. 

4.7  compressive  stress-strain  diagram — a  dia¬ 
gram  in  which  values  of  compressive  stress  are 
plotted  as  ordinates  against  corresponding  values 
of  compressive  strain  as  abscissas. 

4.8  compressive  yield  point — the  first  point  on 
the  stress-strain  diagram  at  which  an  increase  in 
strain  occurs  without  an  increase  in  stress. 

4.9  compressive  yield  strength — normally  the 
stress  at  the  yield  point  (see  also  4. 10). 

4.10  offset  compressive  yield  strength — the 
stress  at  which  the  stress-strain  curve  departs 
from  linearity  by  a  specified  percentage  of  defor¬ 
mation  (offset). 

4.11  proportional  limit — the  greatest  stress 
that  a  material  is  capable  of  sustaining  without 
any  deviation  from  proportionality  of  stress  to 
strain  (Hooke’s  law).  It  is  expressed  in  force  per 
unit  area. 


4.12  modulus  of  elasticity — the  ratio  of  stress 
(nominal)  to  corresponding  strain  below  the  pro¬ 
portional  limit  of  a  material.  It  is  expressed  in 
force  per  unit  area  based  on  the  average  initial 
cross-sectional  area. 

4. 1 3  slenderness  ratio — the  ratio  of  the  length 
of  a  column  of  uniform  cross  section  to  its  least 
radius  of  gyration.  For  specimens  of  uniform 
rectangular  cross  section,  the  radius  of  gyration 
is  0.289  times  the  smaUer  cross-sectional  dimen¬ 
sion.  For  specimens  of  uniform  circular  cross 
section,  the  radius  of  gyration  is  0.2S0  times  the 
diameter. 

4.14  crushing  load— the  maximum  compres¬ 
sive  force  applied  to  the  specimen,  under  the 
conditions  of  test,  that  produces  a  designated 
degree  of  failure. 

5.  Apparatus 

5.1  Testing  Machine — Any  suiuble  testing 
machine  capable  of  control  of  constant-rate-of- 
crossbead  movement  and  comprising  essentially 
the  following: 

5.1.1  Drive  Mechanism — A  drive  mechanism 
for  imparting  to  the  cross-head  movable  mem¬ 
ber,  a  uniform,  controlled  velocity  with  respect 
to  the  base  (fixed  member),  this  velocity  to  be 
regulated  as  specified  in  Section  9. 

5.1.2  Load  Indicator— A  load-indicating 
mechanism  capable  of  showing  the  toul  com¬ 
pressive  load  carried  by  the  test  specimen.  The 
mechanism  shall  be  essentially  free  irom  inertia- 
lag  at  the  specified  rate  of  testing  and  shall  indi¬ 
cate  the  load  with  an  accuracy  of  ±I  %  of  the 
maximum  indicated  value  of  the  test  (load).  The 
accuracy  of  the  testing  machine  shall  be  verified 
at  least  once  a  year  in  accordance  with  Methods 
E4. 

5.2  Compressometer — A  suitable  instrument 
for  determining  the  distance  between  two  fixed 
points  on  the  test  specimen' at  any  time  during 
the  test  It  is  desirable  that  this  instrument  auto¬ 
matically  record  this  distance  (or  any  change  in 
it)  as  a  function  of  the  load  on  the  test  specimen. 
The  instrument  shall  be  essentially  free  r^ineitia- 
lag  at  the  specified  rate  of  loading  and  shall 
conform  to  the  requirements  for  a  Gass  BO 
extensometer  as  defined  in  Method  E  S3. 

Non  2— Therequireraeourorexteosometmeited 
herein  apply  to  conpressometen  as  well. 

.5,3  Compression  Toot— A  compression  tool 
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for  applying  the  load  to  the  test  specimen.  This 
tool  shall  be  so  constructed  that  loading  is  airiai 
within  1:1000  and  applied  through  surfaces  that 
are  flat  within  0.025  mm  (0.001  in.)  and  parallel 
to  each  other  in  a  plane  normal  to  the  vertical 
loading  axis.  Examples  of  suitable  compression 
tools  are  shown  in  Figs.  1  and  2. 

5.4  Supporting  Jig^A  supporting  jig  for  thin 
spedmens  is  shown  in  Figs.  3  and  4. 

5.5  Micrometers — Suitable  micrometers, 
reading  to  0.0 1  mm  or  0.001  in.  for  measuring 
the  width,  thickness  and  length  of  the  specimens. 

6.  Test  Specimens 

6. 1  Unless  otherwise  specified  in  the  materials 
specifications,  the  specimens  described  in  6.2  and 
6.7  shall  be  used.  These  specimens  may  be  pre¬ 
pared  by  machining  operations  from  materials 
in  sheet,  plate,  rod,  tube,  or  similar  form,  or  they 
may  be  prepared  by  compression  or  injection 
molding  of  the  mate:^  tu  be  tested.  All  machin¬ 
ing  o;Mrra:ionc  shall  be  done  carefully  so  that 
smooth  surfaces  rcsulL  Great  care  shall  be  taken 
in  macliining  the  ends  so  that  smooth,  flat  par¬ 
allel  surfaces  and  sharp,  clean  edges  to  within 
0.025  mm  (0.001  in.)  perpendicular  to  the  long 
axis  of  the  specimen,  resulL 

6.2  The  sundard  test  specimen,  except  as  in¬ 
dicated  in  6.3  to  6.7,  shall  be  in  the  form  of  a 
right  cylinder  or  prism  whose  length  is  twice  its 
principal  width  or  diameter.  Preferred  specimen 
sizes  are  12.7  by  12.7  by  25.4  mm  (0.50  by  0.50 
by  1  in.)  (prism),  or  12.7  mm  (0.50  in.)  in  di¬ 
ameter  by  25.4  ram  (1  in.)  (cylinder)..  Where 
elastic  modulus  and  offset  yield-stress  data  are 
desired,  the  test  specimen  shall  be  of  such  dimen¬ 
sions  that  the  slenderness  ratio  is  in  the  range 
from  11  to  15:1.  In  this  case,  preferred  specimen 
sizes  are  12.7  by  12.7  by  50.8  mm  (0,50  by  0.50 
by  2  in.)  (prism),  or  12.7  mm  (0.50  in,)  in  di¬ 
ameter  by  50.8  mm  (2  in.)  (cylinder). 

6.3  For  rod  material,  the  test  specimen  shall 
have  a  diameter  equal  to  the  diameter  of  the  rod 
and  a  sufficient  length  to  allow  a  spedroen  slen¬ 
derness  ratio  in  the  range  from  1 1  to  15:1. 

6.4  When  testing  tubes,  the  test  specimen  shall 
have  a  diameter  equal  to  the  diameter  of  the  tube 
and  a  length  of  25.4  mm  (1  in.)  (Note  4),  For 
crushing-load  determinations  (at  right  angles  to 
the  longitudiiuil  axis),  the  specimen  size  shall  be 
the  same,  with  the  diameter  becoming  the  height. 

Noth  3— This  spedmen  con  be  used  for  tubes  with 
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a  wail  thickness  of  1  mm  (0.039  in.)  or  over,  to  inside 
diameters  of  6.4  mm  (0.2S  in.)  or  over,  and  to  outside 
diamefen  of  50.8  mm  (2.0  in.)  or  less. 

6.5  Where  it  is  desired  to  test  conventional 
high-pressure  laminates  in  the  form  of  sheets,  the 
thickness  of  which  is  less  than  25.4  mm  (1  in.), 
a  pile-up  of  sheets  25.4  mm  (1  in.)  square,  with 
a  sufficient  number  of  layers  to  produce  a  height 
of  at  least  25.4  mm  ( 1  in.),  may  be  used. 

6.6  When  testing  material  that  may  be  sus¬ 
pected  of  anisotropy,  duplicate  sets  of  test  speci¬ 
mens  shall  be  prepared  having  their  long  axis 
respectively  parallel  with  and  normal  to  the  sus¬ 
pected  direction  of  anisotropy. 

6.7  The  following  specimens  shall  be  used  for 
glass-reinforced  materials,  or  for  other  materials 
when  necessary  to  comply  with  the  slenderness 
ratio  requirements  or  to  permit  attachment  of  a 
deformation-measuring  device. 

6.7.1  For  materials  3.2  mm  ('/i  in.)  and  over 
in  thickness,  a  specimen  shall  consist  of  a  prism 
having  a  cross  section  of  12.7  mm  ('A  in.)  by  the 
thickness  of  the  material  and  a  length  such  that 
the  slenderness  ratio  is  in  the  range  from  1 1  to 
15:1  (Note  4). 

6.7.2  For  materials  under  3.2  mm  ('A  in.) 
thick,  or  where  elastic  modulus  testing  is  required 
and  the  slenderness  ratio  does  not  provide  for 
enough  length  for  attachment  of  a  compress- 
ometer  or  similar  device,  a  specimen  conforming 
to  that  shown  in  Fig.  5  shall  be  used.  The  sup¬ 
porting  jig  shown  in  Rgs.  3  and  4  shall  be  us^ 
to  support  the  specimen  during  test  (Note  5). 

Noth  4— If  Ulure  for  materials  in  the  ducknes 
range  of  3.2  mm  ('/k  in.)  is  by  delamination  rather  than 
by  the  desirable  shear  plane  fracture,  the  material  may 
be  tested  in  accordance  with  6.7.2. 

Noth  S— Round-robin  tests  have  established  thai 
relatively  satisfactory  measurements  ofraodulus  of  elasr 
ticity  may  be  obtained  by  applying  a  compressomete 
to  the  ed^  of  the  jig-supponed  specimen. 

6.8  When  testing  syntactic  foam,  the  standard 
test  spedmen  shall  in  the  form  of  a  right 
cylinder  25.4  mm  ( 1  in.)  in  diameter  by  50.S  mo 
(2  in.)  in  length. 

7.  Cdoditiooing 

7.1  Conditioning— CondxXion  the  test  sped* 
mens  at  23  ±  2X  (73.4  ±  3.6*F)  and  50  ±  5  * 
relative  humidity  for  not  less  than  40  h  prior  K 
test  in  accordance  with  Procedure  A  oTMethod 
D  618,  for  those  tests  where  conditioning  is  re 
quired.  In  cases  of  disagreement,  the  tolerance. 
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shall  be  1*C  (I.8*F)  and  ±  2  %  relative  humidity. 

7.1.1  Note  that  for  some  hygroscopic  mate¬ 
rials,  such  as  nylons,  the  material  specifications 
(for  example,  Specification  D  4066)  call  for  test¬ 
ing  “dry  as-molded  specimens".  Such  require¬ 
ments  take  precedence  over  the  above  routine 
preconditioning  to  50  %  RH  and  require  sealing 
the  specimens  in  water  vapor-impenneable  con¬ 
tainers  as  soon  as  molded  and  not  removing  them 
unti  ready  for  testing. 

7. :  Test  Conditions — Conduct  tests  in  the 
Stair  iard  Laboratory  Atmosphere  of  23  ±  2*C 
(73.  ±  3.6*F)  and  50  ±  5  %  relative  humidity, 
unit  s  otherwise  specified  in  the  test  methods.  In 
case^  of  disagreement,  the  tolerances  shall  be  TC 
( 1.8*F)  and  ±2  %  relative  humidity. 

8.  Number  of  Test  Specimens 

8. 1  At  least  five  specimens  shall  be  tested  for 
each  sample  in  the  case  of  isotropic  materials. 

8.2  Ten  specimens,  five  normal  to  and  five 
parallel  with  the  principal  axis  of  anisotropy, 
shall  be  tested  for  each  sample  in  the  case  of 
ani.se tropic  materials. 

8.3  Specimens  that  break  at  some  obvious 
fortuitous  flow  shall  be  discarded  and  retests 
made,  unless  such  flaws  constitute  a  variable,  the 
efTeci  of  which  it  is  desired  to  study. 

9.  Speed  of  Testing 

9. 1  Speed  of  testing  shall  be  the  relative  rate 
of  motion  of  the  grips  or  test  fixtures  during  the 
test.  Rate  of  motion  of  the  driven  grip  or  fixture 
when  the  machine  is  running  idle  may  be  used  if 
it  can  be  shown  that  the  resulting  speed  of  testing 
is  within  the  limits  of  variation  allowed. 

9.2  The  standard  speed  of  testing  shall  be  1.3 
±  0.3  mm  (0.050  ±  0.0 10  in.)/rain.  except  as 
noted  in  10.5.4. 

10.  Procedure 

10. 1  Measure  the  width  and  thickness  of  the 
specimen  to  the  nearest  0.01  mm  (0.001  in.)  at 
several  points  along  its  length.  Calcubte  and 
record  the  minimum  value  of  the  cross-sectional 
area.  Measure  the  length  of  the  specimen  and 
record  the  value. 

10.2  Place  the  test  specimen  between  the  sur¬ 
faces  of  the  compression  tool,  taking  care  to  align 
the  center  line  of  its  long  axis  with  the  center  line 
of  the  plunger  and  to  ensure  that  the  ends  of  the 
spcciircn  are  parallel  with  the  surface  of  the 
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compression  tool.  Adjust  the  crosshead  of  the 
testing  machine  until  it  just  contacts  the  top  of 
the  compression  tool  plunger. 

Note  6 — The  oompresson  tool  may  not  be  neces¬ 
sary  for  testing  oflower  modulus  (for  example,  100  000 
to  500  000  psi)  mateiUi  if  the  loading  surfaces  arc 
maintained  smooth,  flat,  and  parallel  to  the  extent  that 
buckling  is  not  incurred. 

10.3  Place  thin  specimens  in  the  jig  (Figs.  3 
and  4)  so  that  they  are  flush  with  the  base  and 
centered  (Note  7).  The  nuts  or  screws  on  the  jig 
shall  be  finger  tight  (Note  8).  Place  the  assembly 
in  the  compression  tool  as  described  in  5.3. 

Note  7 — a  round-robin  test,  designed  to  assess  the 
influence  of  specimen  poationing  in  the  supporting  jig 
(that  is,  flush  versus  centered  mounting),  showed  no 
significant  effect  on  compressive  strength  due  to  this 
variable.  However,  flush  mounting  of  the  specimen 
with  the  base  of  the  jig  is  specified  for  convenience  and 
ease  of  mounting.  Substantiating  data  are  filed  at 
ASTM  Headquanen  (RR;D-20-l061). 

Note  8 — A  round-robin  test  on  the  effea  of  lateral 
pressure  at  the  supporting  jig  has  established  that  repro¬ 
ducible  data  can  be  obtained  with  the  tightness  of  the 
jig  controlled  as  indicated. 

10.4  If  only  compressive  Strength  or  compres¬ 
sive  yield  strengtii,  or  both,  are  desired,  proceed 
as  follows; 

10.4.1  Set  the  speed  control  at  1.3  mm/min 
(0.050  in./min)  and  start  the  machine. 

1 0.4.2  Record  the  maximum  load  carried  by 
the  specimen  during  the  test  (usually  this  will  be 
the  load  at  the  moment  of  rupture). 

10.5  If  stress-strain  dau  are  desired,  proceed 
as  follows: 

10.5.1  Attach  compressometer. 

10.5J2  Set  the  speed  control  at  1.3  mm/min 
(0.050  in./min)  and  start  the  machine. 

10.5.3  Record  loads  and  corresponding  com¬ 
pressive  strain  at  appropriate  intervals  of  strain 
or.  if  the  test  machine  is  equipped  with  an  auto¬ 
matic  recording  device,  record  the  complete 
load-deformation  curve. 

10.5.4  After  the  yield  point  has  been  reached, 
it  may  be  desirable  |o  increase  the  speed  from  5 
to  6  mm/min  (0.20  to  OJ25  in./roin)  and  allow 
tlie  machine  to  run  at  this  speed  until  the  speci¬ 
men  breaks.  This  may  be  done  only  with  rela¬ 
tively  doctile  materials  and  on  a  machine  with  a 
weighing  system  with  response  rapid  enough  to 
produce  accurate  results. 

11.  Calculatioas 

1 1.1  Compressive  Strength — Calculate  the 
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compressive  strength  by  dividing  the  maximum 
compressive  load  carried  by  the  specimen  during 
the  test  by  the  original  minimum  cross-sectional 
lica  of  the  specimen.  Express  the  result  in  me¬ 
gapascals  or  pounds-force  per  sctuare  inch  and 
report  to  three  signiticant  figures. 

11.2  Compressive  Yield  Strength — Calculate 
the  compressive  yield  strength  by  dividing  the 
load  carried  by  the  specimen  at  the  yield  point 
by  the  original  minimum  cross-sectional  area  of 
the  specimen.  Express  the  result  in  megapascals 
or  pounds-force  per  square  inch  and  report  to 
hree  significant  figures. 

1 1.3  Ojfset  Yield  Strength — Calculate  the  o“- 
set  yield  strength  by  the  method  referred  to  in 
4,10. 

11.4  Modulus  of  Elasticity — Calculate  the 
modulus  of  elasticity  by  drawing  a  tangent  to  the 
initial  linear  portion  of  the  load  deformation 
curve,  selecting  any  point  on  this  straight  line 
portion,  and  dividing  the  compressive  stress  rep¬ 
resented  by  this  point  by  the  corresponding 
strain,  measure  from  the  point  where  the  ex¬ 
tended  tangent  line  intersects  the  strain-axis.  Ex¬ 
press  the  result  in  gigapascals  or  pounds-force 
per  square  inch  and  repon  to  three  significant 
figures. 

1 1 .5  For  each  series  of  tests,  calculate  to  three 
significant  figures  the  arithmetic  mean  of  all  val¬ 
ues  obtained  and  report  as  the  ‘‘average  value” 
for  the  particular  property  in  question. 

11.6  Calculate  the  standard  deviation  (esti¬ 
mated)  as  follows  and  report  to  two  significant 
figures: 


where: 

s  »  estimated  standard  deviation, 

X  «>  value  of  single  observation, 

n  »  number  of  observations,  and 

X  *  arithmetic  mean  of  the  set  of  observation 

Note  9 — The  method  for  determining  the  offs 
compressive  yield  strength  is  similar  to  that  describi 
in  the  Annex  ofTest  Method  D  638. 


1 1.7  See  Appendix  X 1  for  information  on  tc 
compensation. 


12.  Report 

12.1  The  report  shall  include  the  following: 

1 2. 1 . 1  Complete  identification  of  the  materi 
tested,  including  type,  source,  manufacturer 
code  number,  form,  principal  dimensions,  pr 
vious  history,  etc., 

12.1.2  Method  of  preparing  test  specimens, 

12. 1 .3  Type  of  test  specimen  and  dimensior. 

12.1.4  Conditioning  procedure  used, 

12.1.5  Atmospheric  conditions  in  test  room 

12.1.6  Number  of  specimens  tested, 

12.1.7  Speed  of  testing, 

12.1.8  Compressive  strength,  average 
and  standard  deviation. 

12.1.9  Compressive  yield  strength  and  offs 
yield  strength  average  value,  and  standard  devi 
tion,  when  of  interest, 

12.1.10  Modulus  of  elasticity  in  compressic 
(if  required),  average  value,  standard  deviatio 
and 

12.1.11  Date  of  test. 
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Testing  ^  Machine 


Not£— Devices  similar  to  the  one  illustrated  have 
been  successfully  used  in  a  number  of  different  labora¬ 
tories.  Deuils  of  the  device  developed  at  the  National 
Bureau  of  Sundards  are  given  in  the  paper  by  Aiichison. 
C.  S..  and  Milter.  J.  A..  ‘“A  Subpress  for  Compressive 
Tesis.**  Nitl.  Advisory  Commiltce  for  Acrontuiics,  Tech* 
nical  Note  No.  912,  1943. 


FIG.  1  Sobpress  for  ConprmkM  Tests 


, /•  /. .  ' '  ' '  ' 

■  ':'Tfsting  Machine  Head'  "'  " 


FIG.  2  CeaiprcHiM  Toot 


FIG.  3  Support  Jig  for  This  Spedmeo 
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FIG.  5  CoaiprcniN  Tcfl  Spadaca  for  Materials 
Leas  thaa  3.2  bm  Tbkk 


APPENDIX 

(Noamaodatory  Informatioa) 

XI.  TOE  COMPENSATION 

XI. 1  In  a  typical  stretMtiaio  curve  (Fi(.  XI.  I )  there  be  corepenated  for  to  give  the  ootrected  zero  point  on 

is  a  toe  region.  /4C,  that  does  not  represent  a  property  the  strain  or  extension  axis, 
of  the  material.  It  is  an  artifact  caused  by  a  tdeevp  of  X1.2  In  the  case  of  a  material  exhibiting  a  region  of 
slack,  and  alignment  or  seating  of  the  specimen.  In  Hookean  (linear)  behavior  (Fig.  Xl.l),  a  oontinuatioo 
6-  icr  to  obtain  correct  values  of  such  parameien  as  of  the  linear  (CD)  region  of  the  curve  is  constructed 

b  dulus,  strain,  and  olfsel  yield  point,  this  artifact  must  through  the  zero>stress  axis.  ThiMnterscctioo  (B)  't  the 
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APPENDIX  D 

Material  Manufacturer's  Data 


GtPIsatiea 

Temicai  Sties  Semes 


SffUW  f  .'*or«  Crnany 

Qnt  Httua  e<itiiut  I'natims.  AM 

4j;ue4j4! 


m.ra:  looo 


AVAXIASXL2TY:  Euret>«,  USA 


fiurepa,  usA 
COMM^IAL 


UnxBinforcad.  392F  (200C)  DTUL  AC  264  pil.  ULSA  V-O/SV  rACtd. 


EXIRUSXON-USA 

MOTE:  RaIsaaa  grAdAi  (srAd*  ntuibarA  Atiding  In  E) ,  pIa.e«*ouc  «nd/oc 
dlA  build'Up  may  occur  au«  to  the  inCAmAl  r*I«As«  cg«nt. 


DRYING 

TEMPERATURES  (?) 
MELT 

REAR  1 
MIDDLE 
FRONT 

DIE  PRESSURE  (pci) 
SCREW  DESIGN 


SCREW  SPEED  (rpm)  10-70 

PURGE:  MDPS  or  undxicd  polycArbonACA. 


4  hr*  AC  300F 


625-675 

615-660 

625-675 

625-675 

1200-20000 

1.8  CO  2.8: 1.0  ConprAaaion  RacIo 
16  CO  24:1  L/D 

10-70 


INJECTION  MOLDING 

DRYING  •  4  hri  @  300F,  In  craya  (hoppor  dzyar  prafarrod  wblla  molding) 

MELT  TEMPERATURE  (F)  640-800  (cyplcally  675-725) 

CYLINDER  TEMPERATURES  (?)  Raaz  -  390-700  Front  -  650-800 

Cancar  •  620-750 


Front  -  650-800 
Nozzla  -  630-77J 


MOLD  TEMPERATURES  (F)  250-350  (typically  275)  iacroaaad  sold  Caspara- 

cura  vlll  incraaaa  flow,  iaprova  turfaea 
axzd  caduea  aoldad-in  atraaa. 


MOLDING  PRESSURES  (palg) 


Booatar  (lac  Staga)  1000-1800 
Holding  (2ttd  Staga)  800-1500 
Back  50-200 


SCREW  DESIGN 
RAM  SPEED 
CLAMP  PRESSURE 


SCREW  SPEED 


1,5  to  3. 0:1.0  compraaaion  ratio,  16  to  24;1  L/D 

Medium  to  fast 

2-4  tons  pal  --  unrainforcad 
4-6  tone  pai  --  glaaa  ceinfoccad 

50 - 200  rpm 


PURGE:  Fractional  melt  index  -  HDPE,  glaaa  reinforced  polycarbonate. 
Begin  purging  at  proceaaing  temparatura  and  reduce  barrel  temperacuras 
to  about  500F  whila  continuing  to  purge. 

Source  Bria,  print  date:  92/01/28,  laat  updated;  92/01/27 

THESE  PIM>FERTT  VALUES  ARE  NOT  ZNTEN0E9  FOR  SPECIFICATION  PURPOSES 
ALL  DATA  SUBJECT  TO  STANDABD  DZSCLADCSR 
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TUTEM:  1600  AVAI1A8IUW;  Europ?.  0SA 

COMKERCIaI, 

UitralnEaread.  392F  (200C)  om  ac  264  pai,  0L94  V*0/SV  racad 
ESOPERTY  TYPICAI  DATA  UNIT  KTIiKlO 


MECHAiriCAL 

Tanalla  Strangth.  ylald.  Typa  t.  0.123* 
Tanaila  Eloagaclon,  yiald.  lypa  I  O.I2S* 
Tanalla  Elongacion,  nraak,  T^a  1  0.123* 
riaxural  Strangch.  ylald.  0.123" 

Flaxural  Hodulua,  0.123" 

Caapraaaiva  Scrangcii 
Comprasaiva  Medulua 
Shaar  Sttaneth 
Uaxdnaaa,  Eoekwall  M 
Tabar  Abraaion,  CS*1?,  1  kg 


IMPACT 

Izod  Ispaec,  utisaeehad.  73F 
laod  Zstpaec,  nocchad,  73r 
Cardnar  lapacc,  73F 


TMERMAL 

Vlcae  SoTtanlna  Taop,  Kaea  B 

HOT,  66  pal,  0.230",  unaimaalad 

HOT,  264  pal,  0.230",  unannaalad 

Thataal  Conduecivlty 

CTE,  Slw,  OF  e»  300r 

CTE.  xflw,  OF  to  300F 

Thanaal  Indax,  Slae  Prop 

Thamal  Indax,  Mach  Prop  with  lapaet 

Tharaal  Indax,  Mach  prop  vlehouc  lapaet 


PHYSICAL 

Spaeifie  Gravity,  aolld 
Watar  Abaorpclon,  24  houra  9  73P 
Watax  Abaorptloo.  adnllibriux,  73F 
Mold  ShrlniMga,  flow,  0,123" 
Poiaaoa'a  aatlo 


ELECTRICAL 
Volvosa  Raalstlvlty 
Olalacerlc  Strangch.  in  air,  62  alia 
Dlalaccrie  Strangch,  In  oil,  62  alia 
OlalacCrle  Strangch.  In  oil,  123  alia 
Oialaecrie  Conatant,  100  Hz 
Dialaecric  Conacant,  1  kHz 
Olaaipatlon  Factor,  100  Hz 
Olaalpatlon  Faecor,  1  kHz 
Olaaipatlon  Faecor,  2430  MKz 

HAME  CHARACTERISTICS 
UL  Flla  Nuabar,  USA 
94V-0  Racad  (caatad  ^Icknasa) 

94>SVA  Racing  (caacad  chicknaas) 

CSA  (Saa  Flla  tor  coaplaca  llaclng) 
Oxygan  Indax  (LOI) 

KBS  Saoka  Oanalcy,  flaming,  Os  4  aln 
MBS  Saoka  Oanalcy,  flaalng,  Oaax  20  aln 
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This  is  a  generJii  guide  to  molding 
FORTRO^  -oiyphenylene  sulfioe 
resms,  a  i'a>Ti(iy  of  high  temperature. 
*iame  retardant  thermoplastics  with 
exceptional  eiectncal  properties. 
While  this  brochure  contains  essen¬ 
tial  information  required  by  molders. 
it  IS  also  recommended  that  molders 
discuss  their  particular  requirements 
for ;  esins  and  equipment  with  a 
FORTRON  technical  reoresentative. 
prior  to  molding  an  untamiiiar  for¬ 
mulation. 

FORTRON  poiypnenylene  sulfioe 
resins  are  easy  to  process,  and  fill 
molds  readily,  since  ai.  gi-aoes  are  in¬ 
ternally  lubricated.  Customer  colors 
are  avanaole  to  order,  and  color  con¬ 
centrates  are  also  available  for  mold¬ 
ers  who  wish  to  color  compound  on 
their  injection  molding  machines. 
FORTRON  polyphenylene  sulfide 
resins  are  available  in  a  wide  variety 
of  grades. 


General  Precautions 
When  Molding 
Fortron' 


No  particular  hazards  have  been 
idenfrfi  id  when  molding  FORTRON 
resins,  provided  that  standard  indus¬ 
try  safety  practices  are  followed.  Like 
most  thermoplastics.  FORTRON  will 
decompose  and  give  oft  decomposi¬ 
tion  products  if  heated  to  very  high 
temperatures.  However.  FORTRON 
IS  stable  up  to  700°f  (370°C),  well 
above  the  limits  of  most  polymers.  As 
a  precaution,  sufficient  ventilation 
should  always  be  provided. 

To  avoid  thermal  decomoosition. 
evolution  of  fumes,  ano  excessive 
loads  on  the  molding  machine,  meit 
temperatures  should  not  exceed 
■'00°F  (370°C),  which  is  well  above 
...e  normal  processing  range. 
FORTRON  should  not  be  maintained 
at  processing  temperatures  tor  long 
periods  of  time.  It  is  recommended 
that  the  molding  machine  be  shut¬ 
down,  if  It  IS  idle  for  15  minutes  or 
more.  This  is  usually  sufficient  time 
to  allow  for  process  adiustments. 

Upon  start-up  the  operator  should  al¬ 
low  adeouate  heating  up  time  such 
that  the  barrel  zone  temperatures 
reach  the  set  point  temperatures  be¬ 
fore  feeding  the  FORTRON  pellets, 
or  rotating  the  screw.  The  operator 
should  wear  eye  safety  protection, 
especially  during  injection  purging. 
The  operator  should  also  use  proper 
gloves,  and  other  appropriate  gar¬ 
ments  for  handling  hot  equipment, 
and  to  prevent  exposure  of  the  skin 
to  molten  polymer.  The  operator 
should  retract  the  injection  unit  dur¬ 
ing  shutdown  to  avoid  nozzle  freeze- 
up  from  contact  with  the  mold. 

Material  Safety  Data  Sheets  (MSOS) 
are  available  for  "  '  FORTRON 
grades,  and  should  be  consulted 
prior  to  molding. 


Molding  Equipnnent 

FORTRON  polyphenylene  sulfide 
resins  are  best  molded  on  reciprocat¬ 
ing  injection-screw  injection  molding 
machines  with  a  honzontal  plasticat- 
ing  unit.  To  ensure  the  correct  wont 
input  to  msit  and  mix  the  resm  a  pias- 
ticating  screw  with  a  channel  depth 
ratio  from  2  to  3  is  preferred. 

1b  obtain  the  maximum  properties 
from  FORTRON  resins  the  injection 
mold  must  be  heated  above  275“F 
{135’C).  This  will  ensure  adeouate 
crystallization  The  relationship  of 
mechanical  properties  to  mold  tem¬ 
perature  shows  high  sensitivity  frorri 


200‘’F  I93°C)  to  300'F  dSO'Ci  as 
shown  in  figure  1  To  ensure  the  max¬ 
imum  properties  the  mold  must 
therefore  be  heated  by  oil  or  eiectnc 
canridge  heaters  to  maintain  the 
275'’F  (ISS’C)  minimum  tempera¬ 
ture,  Finally  to  ensure  adequate  flow 
a  nozzle  with  an  onfice  diameter 
greater  than  ’/.  inch  should  be  fitted 
to  the  barrel.  A  suck-pacK  of  up  to  a 
Vi  inch  may  be  reouired  on  the  mold¬ 
ing  macnme  to  eliminate  orooung  In 
cases  of  excessive  arooimg  le  g  ver¬ 
tical  press)  reverse  taper  nozzies  or 
nozzles  with  snui-off  vaives  may  aisc 
be  used. 


Mold  Temperature.  ’F 


Drying  Procedures 


Although  FORTRON  resins  do  not 
absorb  high  percentages  of  atmo- 
sphenc  moisture,  it  is  recommended 
that  exposure  to  ambient  air  be  kept 
to  a  minimum. 

FORTRON  resins  Should  be  dned 
before  molding,  to  reduce  the  pos¬ 
sibility  of  hydrolytic  degradation,  to 
minimize  drooling  from  the  rrozzie. 
and  ensure  a  good  surface  appear¬ 
ance.  The  following  procedures  will 
produce  an  acceptable  moisture 
level. 

Using  a  dehumidifying  air  drier, 
or  oven,  the  resm  should  be  dried 
for  3-4  hours  at  250-275’F 
(121-132°C). 

To  limit  moisture  regain,  a  hopper 
dner  is  preferred. 


Table  1  —  Typical  Machine  Settings  for  FORTRON*  resins 


Stock  (melt)  temperature 
Mold  temperature 
Zone  temperatures 


Middle 


Nozzle  temperature 
Injection  pressure 
Screw  speed 
Back  pressure 
Cushion 
Suck-back 


590-64(rF  !310-338”C) 
275-325°F  {t35-163"C) 


sas-eas'F  (307-335'C) 

590-640“F  (310-338*0 

600-640*F  (3l5-33rC) _ 

600-640*F  (315-338*0 

5000-15000  psi  (34-104  MPai 

Minimum 

Minimum 

'/» inch  (3mm) 

Up  to  Vz  inch  (1 2mm),  if  required 


Start-Up  Procedure 


The  operator  should  allow  the  mold¬ 
ing  machine  to  stabilize  for  'h  hour 
at  the  recommended  zone  tempera¬ 
tures  before  rotating  the  screw. 

The  molding  machine  should  then  be 
purged  with  polyoropylene  at  the  rec¬ 
ommended  temperatures  for  molding 
FORTRON  Once  purged,  FORTRON 
may  be  fed  to  the  unit  and  injeaion 
purged  until  only  FORTRON  is  pre¬ 
sent  in  the  plasticating  unit.  The  melt 
temperature  should  be  checked  to 
ensure  it  is  within  the  recommended 
range. 


Molding  Conditions 


The  machine  settings  required  to  mold 
satisfactory  parts  from  FORTRON 
resins  will  vary  depending  upon  the 
pan  design,  the  mold,  the  machine 
and  the  specific  FORTRON  grade 
being  molded. 

Typical  settings  which  may  be  used 
in  molding  FORTRON  appear  in 
Table  1 .  Stock  temperature  should  be 
checked  with  a  pyrometer  to  ensure 
that  it  falls  within  the  recommended 
range.  Machine  settings  should  be 
adjusted  if  necessary  to  ensure  that 
the  melt  temperature  remains  within 
the  recommended  range  of  Table  i . 

For  optimum  performance,  the  resi¬ 
dence  time  of  the  molten  FORTRON 
in  the  barrel  should  be  five  minutes 
or  less.  Shot  sizes  30  to  70%  of  ma¬ 
chine  barrel  capacity  provide  recom¬ 
mended  residence  times. 


Mold  Tomperaturo 

The  most  critical  parameter  for 
molding  FORTRON  resms  to  ensure 
adequate  crystallization  m  order  to 
obtain  optimum  properties,  the  mold 
temperature  should  exceed  275°F 
(135*0).  This  high  mold  temperature 
also  provides  excellent  surface  ap¬ 
pearance  and  minimizes  post-mold 
shnnkage  To  achieve  this  mold  tem- 
jjerture,  oil  orculatmg  heaters  or 
electnc  cartndge  heaters  should  be 
employed. 


Back  Pressure 

A  minimum  setting  for  the  back 
pressure  on  the  screw  should  be 
maintained  This  is  especially  in.por- 
tani  when  molding  fiber-reinforced 
grades  to  minimize  fiber  breakage 
and  excessive  shear  heating. 


Cooling  Times 

Cooling  times  depend  on  the  size, 
shape,  wail  thickness  and  complexity 
of  the  molded  part,  as  well  as  the 
machine  settings  ana  mold  design. 
For  companson  purposes  a  part  with 
a  '/•  inch  thickness  requires  from 
25  to  30  seconds  overall  cycle. 

Due  to  the  relatively  hot  mold  tem¬ 
perature,  the  high-strength  Fortron 
parts  are  ejected  quite  hot,  but  with¬ 
out  distortion. 


Regrind 

FORTRON  IS  able  to  substantially 
retain  Its  properties  after  several 
moldings.  For  this  reason,  up  to  25^o 
uncontaminated  FORTRON  regnnd 
may  be  mixed  with  virgin  resin,  and 
the  resultant  moldings  will  exhibit 
only  slight  property  loss  (less  than 
10%  of  onginai  mechanical  proper¬ 
ties).  Drying  of  regnnd  and  homoge¬ 
neously  mixing  it  back  into  the  virgin 
FORTRON  are  recommended. 


Cushion 


The  shot  size  should  be  adjusted  to 
allow  a  cushion  between  Ya  to '/« inch 
at  the  end  of  the  injection  stroke.  This 
will  compensate  for  feed  vanations 
from  shot-to-shot. 


Shut»Down  Procedure 

The  operator  should  purge  the 
molding  machine  with  polypropylene 
at  FORTRON  molding  temperatures, 
immediately  after  molding  FORTRON. 
This  should  be  continued  until  no 
FORTRON  remains  in  the  plasticat- 
ing  unit.  The  zone  temperatures  may 
then  be  lowered. 

The  operator  should  shut  down  the 
molding  machine  with  the  screw  in 
the  fonvard  position.  This  will  reduce 
the  time  required  to  heat  the  residual 
purge  material  when  the  molding  ma¬ 
chine  is  restarted. 


FORTRON  should  never  be  left  in 
the  barrel,  since  the  heat  required  to 
remelt  the  residual  FORTRON  may 
exceed  the  heater  band  capability. 
The  molding  machine  would  require 
disassembly  to  remove  any  residual 
FORTRON. 

It  is  recommended  that  the  molding 
machine  be  shutdown,  if  it  is  to  be 
idle  for  15  minutes  or  more.  Injection 
purging  may  be  conducted  intermit¬ 
tently  to  remove  degrading  polymer 
and  maintain  fresh  charges  m  the 
plasticating  unit. 


Mold  Design 


Although  FORTRON  presents  no  un¬ 
usual  difficulties  for  mold  designers, 
it  IS  recommended  that  prior  to  con¬ 
structing  a  prototype  or  production 
mold,  a  HOECHST  CELANESE 
Technical  Service  Engineer  be  con¬ 
sulted.  This  will  allow  the  mold  de¬ 
signer  to  take  advantage  of  the 
expertise  in  FORTRON  mold  design 
that  has  previously  been  developed. 


Flow  length 

All  FORTRON  grades  have  low  melt 
viscosities  and  readily  fill  injection 
molds.  For  companson  purposes, 
mold  designers  are  referred  to 
Table  2  where  the  flow  length  of 
FORTRON  is  presented  under  typical 
molding  conditions.  The  spiral  chan¬ 
nel  employed  had  dimensions  of 
0.125'  X  0.250".  and  the  Fortron  was 
molded  at  610°F  stock  temperature. 
275’F  mold  temperature,  with  8000 
psi  iniection  pressure. 


Table  2  —  Spiral  Flow  Length 


Fortron* 

PPS  Grade 

Spiral  Flow 
in  inches  to 
nearest  .25  m. 

1140A1 
(40%  glass) 

16.00 

1140A4 
(40%  glass) 

24.50 

1140L4 
(40%  glass) 

17.75 

6165A4 

(65%  min/glass) 

12.00 

Mold  materials 

FORTRON  polyphenylene  sulfioe  is 
non-corrosive  to  all  standard  mate- 
nals  used  in  mold  construction 
Some  reinforcements  and  fillers  may 
cause  abrasive  wear  When  molding 
filled  grades  of  FORTRON  it  is  rec¬ 
ommended  that  wear  resistant  mate- 
nals  be  used  for  surfaces  which 
contact  the  resin,  just  as  with  other 
filled  resins.  Mold  cavities  should 
be  hardened  to  RC50-55  for  filled 
grades  of  FORTRON. 


Gat*  location 

Gates  should  be  located  to  provide 
a  flow  that  is  uniform  and  uninter¬ 
rupted.  To  minimize  the  weakness  in¬ 
trinsic  to  weld  lines,  the  numoer  of 
gates  should  be  held  to  a  minimum. 
When  multiple  gates  are  necessary 
they  should  be  placed  so  that  the 
weld  lines  in  the  product  are  formed 
in  areas  of  minimal  load  Where  pos¬ 
sible  adjacent  flow  fronts  should  be 
forced  to  meet  at  an  acute  angle  to 
form  a  meld  line.  The  bonds  at  the 
meld  line  are  inherently  stronger  than 
those  at  the  weld  line  formed  when 
the  flow  fronts  meet  from  opposite  di¬ 
rections.  Venting  at  the  weld  line  will 
also  promote  stronger  welds. 


Figure  2  Various  Gate  Types  Used  m  Injection  Molds 


o 

sprue:  Provides  simplicity  tor  single  cavity  molds  and 
symmetry  on  circular  shapes.  Suitable  tor  thick 
sections. 

n-|  Jn 

Side  or  Edge:  Provides  simplicity  tor  multicavity 
molds.  Suitable  tor  medium  and  thick  sections. 

1 

1  <  7  .. 

?in  (3  plate  tool):  Used  to  minimize  finishing  where 
edge  gating  is  undesirable  and  tor  automatic  degating. 
Only  suitable  tor  thin  sections. 

Restricted  or  Pin:  Provides  simple  degating  and 
finishing.  Only  suitable  tor  thin  sections. 

Tab;  Used  to  stop  “jetting”  when  other  means  are  not 
available  and  when  a  restneted  gate  is  desired.  Also 
enables  area  of  greatest  strain  to  be  removed  from  the 
molding. 

@ 

Diaphragm:  Used  for  single  cavity  concentric 
moldings  of  nng  shape  with  medium  or  small  internal 
diameter. 

Internal  Ring:  Similar  to  diaphragm  gate.  Used  for 
molds  with  large  internal  diameters  or  to  reduce  (sprue/ 
runner)  to  molding  ratio. 

External  Ring:  Used  tor  multicavity  concentnc 
moldings  of  nng  shape  or  where  diaphragm  gate 
cannot  be  used 

r 


Gats  sizes 

The  size  of  the  gate  is  related  to  the 
nominal  wall  thickness.  Gates  should 
always  be  at  least  as  wide  as  they 
are  deep. 

The  high  flow  of  Fdrtron  matenals 
permits  the  use  of  very  small  gate 
sizes  (as  low  as  0.002  sq.  in.).  For 
example,  pinpoint  gates  are  i^pically 
0.040  to  0.070  in.  in  diameter.  This 
smaller  gate  area  minimizes  gate 
vestige  and  also  provides  satisfac¬ 
tory  part  separation  from  the  runner. 
For  edge  gates,  a  typical  starting 
point  IS  50%  of  the  nominal  wall 
thickness.  Land  lengths  should  be 
as  short  as  possible  to  eliminate 
pressure  drop  across  the  gate. 


Gate  types 

Any  kind  of  gate  may  be  used  for 
molding  FORTRON  polyphenylene 
sulfide.  Some  examples  of  suitable 
gate  types  are  shown  in  Figure  2.  If  a 
submanne  gate  is  selected  it  should 
conform  approximately  to  the  geom¬ 
etry  recommended  in  Figure  3. 


Runner  systems 

Full  round  runners  with  diameters  as 
small  as  '/*  inch  (6mm)  may  be  used 
for  molding  FORTRON.  Equivalent 
trapezoidal  runners  may  also  be 
used,  when  only  one  mold  half  can 
be  used  for  the  runner  system.  Due 
to  Fortron  s  processing  sensitivity, 
it  Is  imperative  when  using  a  multi- 
cavity  mold  that  the  runner  system  is 
balanced  to  ensure  that  all  cavities 
finish  filling  simultaneously. 


Vents 

Vents  should  be  located  in  all  sec¬ 
tions  of  the  mold  cavity  where  air 
may  become  trapped  by  the  molten 
FORTRON.  particularly  in  the  last 
areas  to  fill.  The  low  viscosity  of 
FORTRON  dictates  that  shallow 
vents  be  used.  A  depth  of  about 
0.0003  inch  (0.007mm)  is  recom¬ 


mended.  Inadequate  venting  will  en¬ 
trap  gas  causing  incomplete  filling, 
bum  marks,  and/or  poorer  weld  line 
strength. 


Shrinkage 

Melt  temperature,  mold  temperature, 
injection  pressure,  hold  time  and  part 
design  all  influence  shnnkage.  Due 
to  the  high  filler  loading,  shnnkage  of 
Fortron  materials  are  very  low  and 
predictable.  Some  typical  shnnkage 
values  appear  in  Table  3  as  a  guide 
to  the  mold  designer.  Less  shnnkage 
is  exhibited  in  the  flow  direction  than 
the  transverse  direction  due  to  glass 
onentation  effects.  Gate  location  and 
number  of  gates  also  are  an  impor¬ 
tant  factor  in  minimizing  the  differen¬ 
tial  shnnkage  rate  to  prevent  warp- 
age  and  bowing. 


Table  3  —  Approximate  Mold 
Shnnkage 


Mold  shrinkage 
(in./in,) 

Flow 

direction 

0.001-0.003 

Transverse 

direction 

0.003-0.006 

W«ld  lines 

Weld  lines  are  created  whenever  two 
or  more  flow  fronts  meet.  Weld  lines 
exhibit  lower  mechanical  properties 
than  those  of  the  base  resin.  This  is 
particularly  acute  when  matenals 
contain  fibrous  reinforcements  since 
the  reinfoicing  fibers  cannot  reinforce 
the  weld  line.  If  possible,  a  single 
gate  is  recommended.  This  mini¬ 
mizes  the  number  of  weld  lines,  and 
also  provides  less  complicated  part 
filling  charactenstics.  Glass  orienta¬ 
tion.  shnnkage.  warpage.  and  vem 
locations  are  now  easier  to  predict. 


Mold  heating 

When  molding  FORTRON  poly¬ 
phenylene  sulfide,  oil  circulating 
heaters  or  electric  cartridge  heaters 
should  be  used  to  allow  the  mold 
temperature  to  reach  me  recom¬ 
mended  range  of  275-325'’F 
fl35-l63°C).  The  oil  channels,  and 
cartndge  heaters  should  oe  placed 
about  one  channel/heater  diameter 
from  the  surface  of  the  mold  cavity 
and  should  be  placed  3-5  diameters 
apart.  Enough  channels/heaters 
should  be  used  to  ensure  that  the 
mold  cavity  reaches  a  uniform  tem¬ 
perature.  Insulation  for  the  mold 
could  also  be  used  to  reduce  heat 
loss  and  energy  requirements. 


Trouble  Shooting  Guide  for  Molding  Fortran 


Problem 

Short  Shot* 


Flashing 


Bum  Marks 


Sticking  in  Cavitios  and/or 
Bushing 


Weld  Lines 


Poor  Surface  Appearance 


Suggested  Corrective  Action 


I.  Increase  feed 


2-  Increase  miection  pressure _  aisobeconhf 

3.  Use  txDoster  and  increase  raw  speed _ 

4  Improve  vemino 

5  Raise  matenal  temperature  by  : 

a)  raising  cylinder  temperature  c)  raising  back  pressure 

b)  increasing  screw  speed- _ _ _ 

6  Raise  mold  temperature _ 

7‘  increase  overall  cycle 

8  Increase  size  ot  sprue  and  or  ainners  andor  gates 

1  Lower  matenal  temperature  by. 
a>  lowering  cyimoer  temperature 

b)  decreasing  screw  speed 

c)  lowenng  back  pressure 

2.  Decrease  miection  pressure _ 

3  Decrease  overall  cycle _ 

4  Decrease  plunger  forward  time _ 

5.  Check  mold  closure _ 

6.  Improve  mold  venting _ 

7.  Check  press  platens  for  parallelism _ 

1.  Decrease  plunger  speed _ 

2.  Deaease  booster  time _ 

3.  Decrease  miection  time _ 

4.  Improve  venting  in  mold  cavity _ 

5.  Alter  position  and/or  increase  gate  size _ 

1 .  Decrease  miection  pressure _ 

2.  Decrease  plunger  forward  ome _ 

3.  Decrease  booster  time _ 

4  Adiusifeed  tor  constant  cushion  _ 

5.  Increase  mold  closed  tune _ 

6  Lower  mold  temperature _ _ 

7.  Decrease  cylinder  and  nogle  temperature _ 

8  Check  mold  tor  undercuts  and/or  insutticiem  graft _ 

1  Increase  mieaion  pressure _ 

2.  Increase  inieciion  forward  time _ 

3.  Raise  mold  temperature _ - _ 

4.  Raise  matenal  temperature _ 

5.  Vent  the  cavity  m  the  weld  area _ 

6.  Provide  an  overflow  well  adjacent  to  the  weld  area _ 

7.  Change  gate  locaiion  to  alter  flow  pattern _ 

^ .  Raise  mold  temperature _ 

2.  Increase  miection  pressure _ 

3.  Use  booster  and  increase  ram  speed _ 

4  Raise  material  temperature  by: 

a)  raising  cylinder  temperature 

b)  increasing  screw  speed 

c)  raising  back  pressure _ 


Corrective  aaions  are  suggested  tor  me 
maionty  of  the  molding  problems  that 
may  occur  with  FORTRON  resins  These 
actions  are  suggested  with  the  most 
likely  and/or  easiest  remedy  first  As  with 
any  probiem,  confirmation  that  the 
machine  is  operating  within  me 
recommended  parameters  for  the 
speafic  FORTRON  grade  is  strongly 
urged.  The  stock  temperatures  should 
also  be  confirmed 


c# 


Problem 


Suggested  Corrective  Action 


Nool*  Off  1.  Rai2»  nozzle  tampetature _ 

2.  Raise  motei  twwpefatufa _ 

3.  Insulate  rwzzW  from  sprua  txjsfting _ _ 

4.  Rais*  matanai  tamperatura  by; 

a)  raising  cylifldar  tamparaiufa 

b)  increasing  soaw  spsad 

c)  raising  bael<  prassure _ 

_ 5.  Oacreaaa  soafc  tima _ 

Noaxla  Orool  T.  Unrer  notzta  tamparature _ 

2.  Loiaar  matanal  tamparature  by; 

a)  lowrenng  cyiindar  tamparature 

b)  decreasing  screw  spaed 

c)  iQwenng  back  pressure _ 

3.  Oacraasa  lasidual  pressure  m  cylinder  by; 

a)  reduang  plunger  torward  time 

b)  increasing  decompress  tirrwt _ 

4.  Oaerease  overall  cycle  bme _ 

5.  Dry  tba  maienai _ _ _ _ 

6.  Use  noaae  with  smailafonfica _ 

_ 7.  Use  ravefsa-tapernozzlaot  noma  val^ _ 

Dfacoloratian  1.  Purge  haatmg  cylirxief _ 

2.  Lower  matanai  temperature  by; 

a)  lowenng  cyiirxiar  tamparature 

b)  decreasing  screw  spaed 

c)  lowering  baex  pressure _ 

3.  Lower  nozzle  temperature _ 

4.  Stwrten  overall  eycte _ 

5.  Check  hopper  and  teed  zone  tor  contameiams _ 

6.  Provide  additional  vents  in  motd _ 

_ 7.  Move  moM  to  smailer  snot  size  press _ 

Sink*  and/er  Voids  1.  Increase  iniection  pressure  (hold) _ 

Z  Increase  injection  speed _ 

3.  Increase  size  of  gates  and/or  sprue  and/or  runners _ 

4.  Relocate  gates  neater  heavy  sections _ 

5.  Raise  moid  temperature  (voids) _ 

6.  Lower  motd  temperature  (sinks) _ 

_ 7.  Decrease  cusbion _ 

Warpag*  Oistertion  1  Equalize  temperature  in  both  halves  of  mold _ 

2.  Observe  motd  tor  uniformity  ot  election _ 

3.  Increase  iniection  pressure _ 

4.  Try  higher  and  tower  mold  temperatures  _ 

5.  increase  die  dosed  lime _ 

_  6.  Lower  matenai  temperature _ 

Poor  Oimansional  Control  1.  Maintain  unitorm  teed  and  cushion  from  cycte  to  cyde _ 

Z  RH  mold  as  rapidly  as  possible _ 

3.  Balance  cavities  tor  unitorm  flow _ 

4  Increase  gate  size _ 

5.  Check  machine  Hydraulic  and  electrical  systems  tor  erratic  pertormanee 

6.  Reduce  number  ot  cavities _ 

7.  Maintain  unitorm  cooling  rate _ _ 
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Foreword 


This  first  edition  of  the  Forfron®  PPS  Design  Afanua/represents  a  compilation  of  design  information  to  provide 
general  guidelines  for  broad  classes  of  Fortron®  PPS  material.  We  hope  that  this  publication  enables  the 
designer  to  better  understand  the  behavior  of  this  high-perfonnance  matenai.  Thus,  after  a  brief  oven/iew 
(Ch.  1 ).  the  following  chapters  deal  with  the  behavior  of  Portion®  PPS  with  regard  to  its  physical  and  thermal 
properties  (Ch.  2),  mechanical  properties  (Ch.  3),  dimensional  stability  (Ch.4),  Its  behavior  in  chemical 
environments  (Ch.  5),  and  its  electncal  properties  (Ch.  6).  The  book  then  discusses  fundamental  design 
criteria  both  for  part  design  and  for  tool  design  (Ch.  7),  recommended  methods  and  specifications  for 
assembly  (Ch.  8).  and  finally,  secondary  operations  with  Fortron®  PPS  (Ch.  9). 

For  a  discussion  of  general-  issues  to  be  considered  in  designing  for  plastic  parts,  the  reader  is  encouraged 
to  study  Designing  with  Plastic:  The  Fundamentals  (TDM-1),  which  is  also  published  by  the  Engineering 
Plastics  Division  of  Hoechst  Celanese  Corporation.  Grade-specific  information  is  not  given  m  the  Fonron^ 
PPS  Design  Manual,  which  is  a  product-specific  publication.  For  grade-specific  information,  the  reader  is 
referred  to  Fortron®  Material  Monographs  in  the  area  of  specific  interest,  ejg..  tensile  strength,  stress-strain 
data,  fatigue  data,  and  long-term  properties  of  specific  grades  of  Fortron^  PPS. 

This  layered  structure  of  publications  enables  the  Engineering  Plastics  Division  of  Hoechst  Celanese 
Corporation  to  provide  detailed,  product-specific  information  more  quickly  and  efficiently  than  incorporating 
all  such  information  in  one  large  volume,  when  often  only  small  parts  of  such  a  publication  are  needed  by  the 
designer.  Such  a  structure  also  allows  for  quick  updates  as  specific  product  data  are  made  available. 

We  hope  that  this  manual  helps  you,  the  design  engineer,  to  more  accurately  predict  the  behavior  of  Fortron® 
PPS.  and  thus,  to  better  design  with  tfiis  high-performance  polymer,  'e  welcome  your  comments  and 
suggestions  for  improving  this  manual  In  future  editions. 


Hoechst  Celanese 

Hoechst  @ 
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Chemistry  of  Fortron®  PPS 

Fortran®  products  are  based  on  a  linear  poly(phenylene 
sulfide)  (PPS)  polymer,  produced  by  a  polycondensation 
reaction  of  ^ichlorabenzene  and  sodium  sulfide.  The 
reaction  yields  a  PPS  polymer  wrth  the  following  struc- 


General  Characteristics  of  Fortron®  PPS 

The  structure  of  Fortron®  PPS  polymer  contributes  to 
the  following  properties: 

•  High  thermal  stability 

•  Excellent  chemical  resistance 

•  Inherent  flame  resistance  in  the  molecule 
without  the  addition  of  halogens 

•  Excellent  electrical  properties 

•  Excellent  flow 

Fortron®  PPS  is  further  distinguished  from  highly 
branched  PPS  products  by  the  following  performance 
advantages: 

•  Higher  elongation  and  impact  strength 

•  Higher  weld  line  strength 

•  Lower  ionic  impurities  in  base  resins  and  filled 
products 

•  A  natural  color  of  light  beige  for  the  Fortran® 
PPS  base  resin  for  easier  coloring 

Most  designers  choose  Fortron®  PPS  because  it 
demonstrates  a  valuable  combination  of  properties 
relative  to  the  load-beanng  capabilities  and  dimensional 
stability  when  exposed  to  chemicals  and  high-tempera- 
ture  environments. 

Reinforcements  and  Fillers 

When  fillers,  such  as  glass  fibers,  minerals,  or  mixtures 
of  these,  are  added  to  the  base  resin,  the  load-beanng 
capability,  represented  by  the  heat  distortion  tempera¬ 
ture  (HD'O,  is  also  raised.  The  HOT  of  Fortron® 
unreinforced  PPS  is  generally  221‘’F  (105°C)  at  264  psi, 
while  that  of  a  reinforced  Fortran®  PPS  is  500+'’F 
(260+°C).  Because  of  this  added  value  and  Fortron® 
PPS’s  affinity  for  fillers,  the  majority  of  PPS  applications 
use  glass-reinforced  or  mineral/glass-filled  systems. 


flash,  especially  in  applications  requiring  the  filling  of  thin 
walls  over  tong  distances  with  relatively  high  pressures. 
Selection  of  the  proper  grade  of  Fonron®  PPS  and  the 
use  of  proper  injection  molding  conditions  will  aid  m 
minimizing  flash.  In  addition,  gate  location  can  be  used 
to  decrease  the  high  pressures  associated  with  flash 
(see  ‘Gate  Location'  subsection  in  Chapter  7). 

Product  Support 

Expenenced  field  engineers  and  design  engineers  are 
available  to  assist  you  with  product  design,  matenal 
specification,  and  molding  trials  For  further  information 
or  assistance,  please  contact  your  representative  from 
the  Hoechst  Celanese  Engineenng  Plastics  Division 
offices  listed  on  the  back  cover  of  this  publication. 

Ageni^  Approvals 

Fortran®  PPS  has  been  granted  ratings  by  Underwrrters 
Laboratories  of  UL-94V0  to  0.031  in.  (0.79  mm)  thick¬ 
ness  and  UL-94-5VA  at  0.125  in.  (3.18  mm)  on  many 
filled  grades,  as  well  as  ratings  of  AOO  and  VO  by  the 
CSA  (Canadian  Standards  Agency).  UL  yellow  cards  are 
available  upon  request  Some  Fortron®  PPS  grades 
have  also  been  approved  under  Military  Specifications 
M-24519  and  M-46174  (ASTM  D4067). 

Safety  and  Health  Information 

The  usual  precautions  employed  in  working  with  high- 
melting  plastics  should  be  observed  in  working  with 
Fortran®  polymers. 

Consult  the  current  Material  Safety  Data  Sheet  (MSOS) 
pnor  to  use  for  detailed  safety  and  health  information 
concerning  specific  Fortron®  PPS  grades. 

Use  process  controls,  work  practices,  and  protective 
measures  described  in  the  MSDS  to  control  workplace 
exposure. 

MSDSs  have  been  developed  by  Hoechst  Celanese 
Corporation,  E.'tgineering  Plastics  Division,  to  provide 
our  customers  with  valuable  safety,  health,  and  environ¬ 
mental  information.  A  copy  of  the  MSDS  for  each 
specific  Fonron®  PPS  grade  is  available  upon  request 
Please  contact  your  local  sales  office  or  call  the  Techni¬ 
cal  Information  number  given  at  the  errd  of  this  publica¬ 
tion. 


Flash 

All  PPS  compounds  inherently  exhibit  some  degree  of 
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O  Physical  and  Thermal  Properties 


This  chapter  describes  some  of  the  basic  cha'actenstics 
of  Fortran®  PPS  and  its  thermal  capability.  The  thermal 
properties  discussed  here,  and  shown  in  Table  1,  are 
due  to  short-term  testing.  Long-term  thermal  properties, 
such  as  time-temperature  effects  both  without  load  (heat 
aging)  and  with  a  load  (creep  modulus),  are  discussed  in 
Chapter  3. 

The  reader  is  encouraged  to  review  sections  of  this 
manual  that  deal  with  the  thermal  stability  of  Fortron  - 
PPS  products,  as  well  as  sections  that  show  how 
dimensional  accuracy  depends  on  thermal  changes. 
Finally,  a  general  -eview  of  Chapter  4  of  Designing  with 
Plastic:  The  Funaamentals  (TDM-1)  may  help  the 
designer  deal  with  the  thermal  requirements  of  an 
application. 

Table  1  Thermal  ana  pnyaical  preperties  of  Portron*  PPS 

6S% 

40%  Mirwral/ 

Property  Unite  Glaea  Glese  Uitfllled 


Spacittc  Gravity 

1.64 

1.99 

1.35 

Malt  Spaeific  Haal 

Mg^C 

1.S 

1.6 

Glasa  Tranaitlon 
Tamparatura 

-c 

90 

90 

90 

CryaialUxatlon 
Tamparatura  (Paav) 

’C 

12S 

125 

125 

Malt  RaeryataiilxaUpn 
Tamparatura  (Paak) 

“C 

220 

215 

190-250- 

MoM  Tompf tum 

•c 

282 

262 

282 

H«at  D«fl«etion 
Tomporsturo.  9  294  psi 

»c 

260* 

260* 

105 

Thormai  Coriductivity 

W/m"K 

@  25X 

0.2 

P  3 

O  12S”C 

02 

0.35 

«  230*C 

0.25 

0.35 

e  3oo"C 

0.25 

0.35 

0.3 

*  Pl«as«  note  mat  mis  range  represents  the  values  tor  a  rnimper  at 
different  potymers.  not  a  range  tor  or>e  potymer 


Crystallinity 

Fortron®  PPS  is  a  semicrystalline  polymer  that  consists 
of  both  amorphous  and  crystalline  regions.  The  crystal¬ 
line  regions  of  neat  Fortron®  PPS  account  for  60-65% 
of  the  polymer  With  the  combination  of  a  high  degree  of 


crystallinity  and  its  aromatic  structure.  Fortron®  PPS 
exhibits  a  high  melt  temperature  of  2B5°C  (545°F).  The 
polymer  crystallizes  rapidly  above  the  Tg.  as  indicated 
by  an  exothermic  crystallization  peak  at  i20-i30”C.  as 
seen  in  Table  1.  Frpm  the  melt,  recrystallization  also 
occurs  rapidly  at  215-220”C.  also  seen  in  T^le  1 , 

Glass  *!  ransition  Temperature  (Tg) 

The  glass  transition  temperature.  '  g.  is  the  temperature 
at  which  the  amorphous  regions  of  tne  polymer  oecome 
mobile.  The  significance  of  this  value  is  that  above  Tg 
(about  90°C  for  Fortron®  PPS  produas).  the  load- 
beanng  capability  is  reduced.  This  is  illustrated  by  the 
results  from  a  dynamic  mechanical  thermal  analysis 
(OMTA).  a  powerful  technique  used  to  indicate  the 
stiffness  of  a  molded  part  as  a  function  of  temperature 
and  load.  Results  from  the  DMTA  cover  a  range  of  loads 
and  temperatures. 


-100  -50  0  50  100  150  m  250  300 

Temperaiuro  (°C) 

Rgur*  1  Flexural  storaQe  moOulus  vs.  lemperaiurB  lor  Fortron*  PPS 

The  flexural  storage  modulus  {£’)  is  one  such  curve 
generated  by  a  DMTA  tor  evaluating  the  load-beanng 
capability  of  a  matenal.  Figu'e  1  illustrates  the  change  in 
stiffness  of  Fortran®  PPS  at  temperatures  both  below 
and  above  the  Tg. 

Thermal  Degradation  via  Thermogravimetric 
Analysts  (TGA) 

Thermogravimethc  analysis  is  a  technique  used  to 
evaluate  a  matenai's  thermal  stability  In  this  test  the 
material  is  heated  until  it  is  melted  completely  and  finally 
degraded.  Dunng  the  heating  process,  the  weight  of  the 
sample  is  measured  at  vanous  exposure  temperatures. 
The  curve  seen  in  Figure  2  shows  that  thermal  oxidation 
of  40%  glass-reinforced  Fortron®  PPS  occurs  well  after 
the  melt  temperature. 
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Physicat  and  Thermal  Proponws 


0  200  400  600  :'00  1  000  1200  1400 


Temperature  ('^ 

Figure  2  weigm  loss  vs.  temperature  for  aCo  giass-remforceo 
^orlron  ^  PPS 

No  particular  molding  hazards  have  been  identified  for 
molding  Fortron®  polymers,  provided  that  standard 
industry  practices  are  followed.  Like  most  thermoplas¬ 
tics,  Fortron®  PPS  will  decompose  to  give  off  decompo¬ 
sition  products,  including  carbon  dioxide,  cartx>n  monox¬ 
ide,  sulfur  oxides,  hydrogen,  and  methane,  if  heated  to 
very  high  temperatures  (>700®F).  However,  Fortron® 
PPS  is  stable  up  to  700“F  (370®C).  well  above  the  limits 
of  most  polymers.  As  a  precaution,  sufficient  ventilation 
should  always  be  provided. 

To  avoid  themal  decomposition  and  evolution  of  fumes, 
melt  temperatures  should  not  exceed  700'’F  (370°C), 
which  is  well  above  the  normal  processing  range. 
Fortron®  PPS  should  not  be  rrtaintained  at  processing 
temperatures  for  long  penods  of  time.  It  is  recom¬ 


mended  that  the  molding  machine  be  shut  down  tf  it  is  to 
be  Idle  for  1 5  min  or  more. 

Oxygen  Index 

Since  the  normal  atmosphere  contains  about  21% 
oxygen,  a  minimum  oxygen  index  of  28%  is  required  to 
qualify  for  a  flammability  rating  of  Self-Extinguishing 
(ASTM  D2863).  The  oxygen  index  for  40%  glass- 
reinforced  Fortron®  PPS  is  47%,  and  that  for  65% 
mineral/glass-reinforced  Fortron®  PPS  is  53%,  indicat¬ 
ing  these  matenals’  excelient,  inherent  flame  resistance 
properties. 

Smoke  Density 

Specimens  of  40%  glass-reinforced  and  65%  mineral/ 
glass-reinforced  Fortron®  PPS  were  prepared  and 
tested  according  to  procedures  established  by  the 
National  Bureau  of  Standards  (NBS).  Flaming  and 
smoldering  tests  were  performed  in  an  NBS  smoke 
density  chamber.  The  results  of  these  tests  are  pre¬ 
sented  in  Table  2. 

The  obscuration  time  is  the  time  for  a  typical  room  to 
reach  such  a  critical  smoke  density  that  an  occupanTs 
vision  would  be  Impaired  by  smoke  and  thus  hinder  his/ 
her  escape.  This  critical  level  of  smoke  density  or 
specific  optical  density  (Os)  for  obscuring  vision  is  16. 

The  test  exposes  a  3  X  3  in.  sample  to  a  circular  foil 
radiometer  heat  source  under  flaming  or  smoldenng 
conditions.  Both  the  heat  source  and  the  sample  are 
enclosed  ina3X3X2ft  cabinet  The  smoke  density  is 
then  measured  in  terms  of  light  absorption  by  a  photom¬ 
eter. 


Table  2  Smoke  densiry  data  for  Fortron*  PPS 


Flaming 

Smoldering 

Property 

40% 

Glass 

65% 

Mineral/ 

Glass 

40% 

Glass 

65% 

Mineral/ 

Glass 

Max  Value  of  Soecific 
Optical  Density  (Dm) 

95 

4A 

12 

10 

Dm,  corrected  (Omc) 

91 

42 

11 

9 

Specific  Optical  Density 

9  1 .5  min 

1 

T 

0 

0 

Specific  Optical  Density 

O  4.0  min 

18 

4 

0 

1 

Obscuration  Time  (min) 
(Time  to  Ds  =  16) 

4.1 

7.1 

— 

— 
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Mechanical  Properties 


Properties  that  account  for  the  load-beanng  capability  of 
a  matenal  are  especially  important  to  the  designer  for 
determining  the  proper  wall  thickness  of  a  geometnc 
part. 

The  following  discussion  is  presented  so  that  the  de¬ 
signer  will  be  able  to  account  for  the  vanous  effeas  that 
temperature,  loads,  molding  conditions,  etc.  will  have  on 
the  properties  related  to  structural  design. 

Poisson’s  Ratio 

Poisson's  ratio,  v,  is  the  ratio  of  lateral  strain  to  longitudi¬ 
nal  strain.  The  value  of  Poisson's  ratio  is  0.38  for  unfilled 
Fortron^  P=S  and  0,35  for  gjass-reinforced  and  min- 
eral/giass  reinforced  Fortron'®  PPS. 


0  0.5  I  1.5  Z  Z.5  3 

Bongation  (%) 


Figure  1  Stress-strain  Behavior  of  glass-ieinforcad  Fortron*  PPS 


Stress-Strain  Properties 

Figures  1  and  2  demonstrate  the  stress-strain  behavior 
of  40%  glass-reinforced  and  65%  mineral/glass-rem- 
forcad  Fortron®  PPS  products  at  vanous  temperatures. 
At  room  temperature  the  behavior  approaches  that  of  an 
elasbc  (Hookean)  response,  due  to  its  high  degree  of 
crystallinity  and  high  filler  content.  At  temperatures 
above  Tg.  the  properties  show  relatively  lower  values 
(see  Chapter  2.  Glass  Transition  Temperature  section, 
for  explanation). 

Temperature  Dependence  of  Mechanical 
Properties 

Knowledge  of  the  dependence  of  a  polymer's  mecnani- 
cal  properties  on  temperature  is  essenual  m  designing 


TwT)o#f«urB  t*Fi 

Figure  3  Temoerature  d*pend*fx»  of  fleiiural  strengm 
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Figure  2  Stress-strain  behavior  of  65%  mineraUglass-reinforcec) 
Fortron  ^  PPS 
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Figure  4  Temoerature  Oepenoence  of  flexural  modulus 
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Mechanical  Properties 


Properties  tPat  account  for  the  load-bearing  capability  of 
a  material  are  especially  important  to  the  designer  for 
determining  the  proper  wall  thickness  of  a  geometnc 
part. 

The  following  discussion  is  presented  so  that  the  de¬ 
signer  will  be  able  to  account  for  the  vanous  effects  that 
temperature,  loads,  molding  conditions,  etc.  will  have  on 
the  properties  related  to  structural  design. 

Poisson’s  Ratio 

Poisson's  ratio,  v,  is  the  ratio  of  lateral  strain  to  longitudi¬ 
nal  strain.  The  value  of  Poisson's  ratio  is  0.38  for  unfilled 
Fortron®  PPS  and  0.35  for  glass-reinforced  and  min- 
eral/glass-reinforced  Fortron®  PPS. 


30 


Figure  1  Stress-strain  behavior  ot  40%  glass-reirrtorced  Fortron*  PPS 


Stress-Strain  Properties 

Figures  l  and  2  demonstrate  the  stress-strain  behavior 
of  40%  glass-reirtforced  artd  65%  mmerairgiass-rein- 
forced  Fortron®  PPS  products  at  vanous  temperatures. 
At  room  temperature  the  behavior  approaches  that  of  an 
elastic  (Hookean)  res».Oftse.  due  to  its  high  degree  of 
crystallinity  and  high  filler  content.  At  temperatures 
above  Tg.  the  properties  show  relatively  lower  values 
(see  Chapter  2.  Glass  Transition  Temperature  section, 
for  explanation). 

Temperature  Dependence  of  Mechanical 
Properties 

Knowledge  of  the  dependence  of  a  polymer's  mechani¬ 
cal  properties  on  temperature  is  essential  in  designing 
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Figure  3  Tembaratum  depenoarica  of  flexural  strength 
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chMnical  Propamts 
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1 

0 

-8 

32 

122  212 
Temparaiure  (”F) 

302 

392 

-56 

32 

122  212 
Tamparatur#  I'F) 

302 

392 

I  e  5  Tamperatur*  depenpance  ol  tanstia  strangtn  at  break  Figure  6  Tamperature  dapenoanca  of  tensile  eion^tion  at  break 


1  that  materiat.  Figures  3-6  show  the  temperature  Figures  7  and  8  show  the  creep  modulus  In  three-point 

;  -  idence  of  the  flexural  strength  (Rg.  3).  flexural  bending  of  40%  glass-reinforced  (Fig.  7)  and  65% 

(  lus  (Rg.  4).  tansile  strength  (Fig.  5),  and  tensile  mineral/glass-reinforced  (Rg.  8)  Fortran®  PPS  at 

ngation  (Fig.  6)  of  40%  glass-reinforced  and  65%  temperatures  ranging  from  23  to  120*C  (72  to  250°F) 

leral/glass-reinforced  Fortron®  PPS.  under  an  applied  stress  of  5000  psi  for  10,000  h. 


Aging 

iron®  PPS  shows  little  significant  change  in  mechani- 
!  iperties  after  prolonged  exposure  to  elevated 
ratures.  Many  Fortron®  PPS  grades  have  been 
nted  Relative  Thermal  Index  (RTI)  values  of  200- 
=‘r  (392-446®F)  by  Underwriters  Laboratones.  It  is 
1  »nt  that  these  values  are  higher  than  those  of 
other  plastics  (thermoplastics  and  thermosets). 

3  p  Modulus 

-  -,®  PPS  polymers  demonstrate  outstanding  creep 
oerties  below  Tg  (ca.  OCC).  Even  at  elevated  tem- 
3“  res.  the  creep  modulus  of  Fortron®  PPS  is 
;  jnt  when  compared  to  that  of  other  high-perfor- 
ice  polymers. 


Compressive  Creep 

Compressive  creep  data  of  40%  glass-reinforced 
Fortron®  PPS  are  seen  in  companson  with  those  of 
several  other  thermoplastic  and  thermoset  matehais,  at 
200‘’F  for  16  h  (Rg.  9A)  and  OOO'F  for  24  h  (Fig.  9B) 
under  10,000  psi  applied  stress. 

Molding  Temperature  Effects 

In  order  to  achieve  optimal  load-beanng  capabilities  at 
elevated  temperatures,  optimal  dimensional  stability,  arxl 
a  glossy  surface  appearance,  it  is  necessary  to  use  a 
mold  temperature  of  at  least  275‘’F.  Such  a  temperature 
requires  the  use  of  electric  or,  preferably,  oil  heating 
systems  to  maximize  the  crystallinity.  Table  1  shows  the 
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r  7  Creap  modulus  in  thras-point  banding  ol  40%  glass-  Rgure  8  Craap  modulus  in  tbraa-point  bending  of  65%  minaial/ 

irced  Fortron®  PPS.  stress  »  5000  psi  giass-remlorcad  Fortron*  PPS.  stress  »  5000  psi 


%  Dimension  retained 


Maettamcal  ProoefMs 


properties  exhibited  by  the  base  resin  without  a  weld. 
The  significance  of  this  companson  is  that  it  shows  the 
contribution  of  the  weld  line  strength  to  the  excellent 
weldability  of  the  base  resin. 

Fatigue  Resistance 

Fortron®  PPS  resins  show  a  high  resistance  to  fatigue 
from  repeated  stress,  provided  that  the  ultir.  .ate  etonge- 
tion  of  the  maieriai  is  not  exceeded.  The  ultimate  elonga¬ 
tion  of  glass-  and  mineral/glass-reinforced  Fortron® 

PPS  products  is  ca.  1%.  Figures  12  and  13  show  the' 
fatigue  resistance  (ASTM  D638)  of  40%  glass-reinforced 
Fortron®  PPS  at  23‘’C  and  65%  mineral/glass-reinforced 
Fortron®  PPS  both  at  73°F  (23‘’C)  and  at  320°F  (160°C) 

Impact  Strength 

The  toughness  of  Fortron®  PPS  products  can  be  best 
described  by  the  energy  required  to  initiate  a  crack,  as 
well  as  by  the  total  impact  energy  required  to  break 
through  a  sample.  Results  were  obtained  by  using  the 
multiaxial  impact  test,  outlined  by  ASTM  Method  D3763. 
which  requires  dropping  a  dart,  in  this  case  at  5  mph, 
onto  a  4-in.  disk  (1/8  in.  thick).  Table  2  illustrates  the 
results  of  this  test  obtained  with  Fortron®  PPS  and  a 
highly  branched  PPS  product. 

Anisotropic  Effects 

The  mechanical  properties  in  the  flow  direction  of  a  part 
are  greater  than  those  in  the  transverse  direction,  due  to 
glass  fiber  orientation.  Table  3  gives  the  ratio  of  flow 
direction  (Df)  to  transverse  direction  (Dt)  for  the  flexural 
strength,  the  flexural  modulus,  and  the  tensile  strength 
and  elongation  at  break  of  Fortron®  PPS  products. 

Use  of  Regrind 

The  use  of  regrind  can  affect  the  mechanical  properties 
of  a  molded  part.  However,  it  is  worth  noting  that 


Table  2  Results  oi  Drop  Dart  impaa  Test  (ASTM  03763.  5  mptn 


Material 

Crack 
Initiation 
Energy  (ft-tb) 

Totel  Ertergy 
to  Break 
(ft-ib) 

40%  Glass  Fortron*  PPS 

S.66 

7.195 

65%  Glass  Fortron®  PPS 

2.85 

4.77 

40%  Glass 

Higfiiy  Branctied  PPS 

2.6 

43 

65%  Mmaral/Glass 

Higniy  Brancneo  PPS 

2.25 

4.22 

Fortron®  PPS  products  show  very  little  loss  in  properties 
when  regnnd  Is  used.  Table  4  demonstrates  the  effect  of 
five  moldings  using  100%  regnnd  on  several  important 
mechanical  properties.  This  set  of  data  Demonstrates  the 
thermal  stability  of  Fortron®  PPS.  It  is  recommended, 
however,  that  ^e  maximum  use  of  regnnd  be  limited  to 
25%. 

Abrasion  Wear 

The  amount  of  wear  caused  by  abrasion  against  a  part 
can  be  due  to  a  number  of  factors,  e.g.,  the  velocity  of 
the  moving  parts,  the  nature  of  the  abrasive  substance, 
the  temperature,  and  the  load  applied. 

Abrasion  wear  results  tor  Fortron®  PPS  are  tested  by 
ASTM  D1044.  using  the  Taber  abrasion  apparatus.  In 
this  test  a  specimen  is  mounted  on  a  turntable  so  that  it 
IS  in  contact  with  a  1-kg  CS-17  abrasive  wheel.  After  the 
specified  number  of  revolutions  at  constant  speed,  the 
weight  loss  of  the  specimen  is  determined  in  milligrams. 


Loq  Cycles  (number)  Loq  Cycles  (number) 


Figure  12  Fatigue  resistance  ol  40%  glass-remlorceb  Fortmn®  PPS  Rgure  13  Fatigue  resistance  ol  65%  mineral/glass-reinforced 

Fortron®  PPS 
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TabI*  3  Anisotropic  atfocts  on  macnanical  propomas 


Matarfal 

Dt/Dt(%) 

Flexural  Flexural  Tanalla 
Strangtti  Motlulua  Strangth 

Tanslla 

Elongabon 

40%  Glus-Pamlcrcsd 
Fonrpma  PPS 

65%  MmwaVGIu*- 
Rxntaiead  Fomonia  PPS 

SO 

90 

80  45 

90  as 

38 

100 

Table  4  Effect  of  regnna  on  mecnamcal  propetry  raiantion 

Property 

ASTM 

Mdttioo 

Initial 

Value 

40%  Giaaa- 
Raintorcad 
attar  Stti 
Molding 

65% 

MinMVV 

R«inforc»<t 
a1t*r  sm 
Molding 

TttnsM  Stftfngm 

0638 

100% 

81% 

79% 

0ongaoon 

0638 

100% 

82% 

83% 

PUujral  Snangih 

0790 

100% 

88% 

82% 

f)«xuraf  Modulus 

0790 

T00% 

84% 

95% 

The  weight  loss  values  for  40%  glass-remtorced 
Fortron®  PPS  (black)  and  for  65%  mmeral/giass- 
reintorced  Fortran®  PPS  (black)  due  to  abrasion  are 
shown  in  Table  5. 

Coefficient  of  Friction 

The  static  and  sliding  coeffiaents  of  fnction  of  40% 
glass-reinforced  Fortran®  PPS  against  steel,  aluminum, 
and  brass  are  shown  in  Table  6.  These  results  represent 
the  average  of  samples  from  one  molding,  ana  are 
tested  according  to  ASTM  Method  1894-63.  Test  condi¬ 
tions  are  as  follows; 

•Specimens:  2-in.  discs 

•Contact  area:  3  in  .2 
•Force:  i  lb  weight 

•Speed:  5  in./mm 

•Temperature:  72°F 


Table  S  Weight  toss  due  to  abrasion  of  Fortron®  PPS  (ASTM  01044) 


Materief 

Weight  Lome 

(ng) 

40%  Glasa  Reintareed 

First  1000  cycles 

35 

1000-10.000  cycles 

11 

65%  Mlneral/Glasa  Reinforced 

First  1000  cycles 

43 

1 000-1 0.000  cycles 

13 

Table  6  Coafftaant  of  friction  of  Fortron®  PPS 


Material 

Coefficient  of  Friction 

Static 

Dynamic 

Steel 

0.23 

0.23 

Aiummum 

0.20 

0,22 

Brass 

0.25 

0.25 
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Dimensional  Stability 


It  is  important  for  ttie  part  designer  to  understand  the 
exceptional  dimensional  control  obtainable  with  F=ortron® 
PPS.  We  consider  possible  tolerances,  as  well  as  the 
dimensional  effects  caused  by  ^nnkage,  annealing,  or 
moisture  absorption.  Dimensional  effects  caused  by 
exposure  to  vahous  chemicals  are  treated  in  Chapter  5. 

Coefficient  of  Linear  Thermal  Expansion 

The  coefficient  of  linear  thermal  expansion  is  the  slope 
of  the  curve  divided  by  the  specimen  length,  i.e..  A 
dimension/(A  temperature  X  length).  Figures  1  and  2 
show  the  dimensional  change  for  both  the  flow  and 
transverse  directions  of  65%  mineral/glass-reinforced 
and  40%  glass-reinforced  Fortron®  PPS,  respectively. 
The  curves  are  measured  by  the  PerkirvElmer 
Thermomechanical  Analyzer  (TMA  7)  from  -13  to  392°F 
(-25  to  20000),  ASTM  Test  Method  E831 . 

At  the  glass  transition  temperature,  Tg,  the  rate  of 
expansion  changes.  Above  the  glass  transition  tempera¬ 
ture,  the  rate  of  thermal  expansion  may  shift  due  to  an 
Increase  in  molecular  chain  motion  and  its  attendant 
effects,  stress  relaxation  and/or  crystallization.  Thus, 
samples  molded  from  different  sources  and  under 
different  conditions  will  probably  yield  results  significantly 
influenced  by  the  processing  and  end-use  thermal 
history.  This  is  especially  true  of  data  taken  in  the 
transverse  direction,  where  the  effects  of  ohentation  and 
processing  are  most  pronounced. 

Shrinkage  from  Injection  Molding 

Typically,  the  mold  shrinkage  of  Fortron®  PPS  products 
is  very  low,  and  therefore,  quite  suitable  for  precision 
molding.  Typical  shnnkage  values  for  Fortron®  PPS 
products  are  as  follows; 

40%  Glass-Reinforced; 

•  Flow  Direction:  1-3  mil/in. 

•  Transverse  Direction:  5-7  mil/in. 

65%  Mineral/Glass-Reinforced; 

•  Flow  Direction;  1-2  mil/in. 

•  Transverse  Direction:  3-5  mil/in. 

While  the  shrinkages  given  above  are  typical,  these 
values  vary,  depending  on  the  variables  listed  on  p.  4-2 
under  Warpage.  It  is  highly  recommended  that 
prototyping  be  employed  prior  to  cutting  a  tool  to  deter¬ 
mine  the  proper  shrinkage  for  a  given  part.  If  prototyping 
is  not  economical,  then  for  safety  it  is  recommended  that 
oversized  cores  and  undersized  cavities  be  cut,  since  it 


is  always  eastar  and  less  expensive  to  cut  steel  than  to 
add  it 

The  effect  of  part  thickness  on  shnnkage  of  40%  glass- 
reinforced  and  65%  /mirMsral/glass-reinforced  Fortron® 
PPS  is  shown  in  Figure  3.  The  reason  lor  greater 
shnnkage  in  thicker  parts  is  that  thicker  parts  exhibit 
slower  cooling,  which  results  in  a  greater  degree  ol 
crystallization,  thus  causing  more  shnnkage. 

Figure  4  illustrates  the  effect  of  filler/reinforcement  level 
on  shnnkage  of  Fortron'*'  PPS  as  filler  levei  increases, 
shnnkage  decreases  and  becomes  less  sensitive  to  part 
thickness. 
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Oimansiongl  Stability 


Figures  5  and  6  show  the  effect  of  injection  pressure  on 
the  shrinkage  of  ^0%  glass-reinforced  and  65%  mineral/ 
glass-reinforced  Fortron®  PPS.  respectively.  As  injection 
pressure  is  increased,  the  parts  are  more  densely 
packed,  thus  slightly  decreasing  shrinkage.  The  test 
piece  was  80  X  80  mm,  2  mm  thick,  with  a  rectangular  (4 
X  2  mm)  side  gate  at  one  point;  the  cylinder  temperature 
was  320°C  (608®  F).  and  the  mold  temperature  was 
150®C  (302®F). 

Warpage 

Anisotropic  effects  on  dimensions  (warping)  can  be 
caused  by  a  number  of  factors,  including  the  following: 

•  Mold  temperature 

•  Nonuniform  part  thickness 

•  Nonuniform  cooling 

•  Filler  type/level 


Figure  3  Effect  of  part  micKness  on  shnnuage  of  Fortron*  PPS 
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-tgure  4  Effect  of  filler  level  on  shnnkage  of  Fortron®  PPS  (Please  note 
mat  not  all  reinforcement  levels  are  available  as  commercial  products.) 


•  Onentation  of  filler 

•  Location  of  dimensions  with  respect  to  the  gate 

•  Molded-in  stresses 

•  Gate  size 

To  describe  the  effects  of  anisotropy  in  geometncatly 
complex  parts,  a  sample  part  containing  a  vanety  of 
shapes  was  designed.  Figure  7  shows  the  specifications 
for  this  waipage  sample.  Figure  8  shows  the  measured 
points  used  to  obtain  the  data  shown  in  Figures  d-^i2. 
which  compare  the  largest  dimensional  differences  of 
40®/a  glass-reinforced  and  65%  mineral/glass-reinforced 
Fortron®  PPS  products  with  respect  to  flatness  (Fig.  9), 
roundness  of  a  cylinder  (Fig.  10),  roundness  of  a  hole 
(Fig.  11).  and  bowing  angle  (Fig.  12) 


From  these  figures  it  can  be  seen  that  65%  mineral/ 
glass-reinforced  Fortron®  PPS  has  the  least  warpage. 


Imacnon  Prauum  ilipsii 

Figure  S  Eltsct  of  intacbon  pressurs  on  $finnKag«  of  Fortron*  PPS 
(40%  glass) 
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Figure  6  Effect  of  miaction  pressure  on  shnnkage  of  Fortron*  PPS 
(65%  mineral/glass) 
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due  to  the  tact  that  this  material  uses  less  glass  than  the  40%  Glass-Reinforced; 

40%  glass-reinforced  matenal,  and  that  mineral  filler  has  •  0.0009  in/m.  after  2  h  annealing 

a  smaller  aspect  ratio  than  glass  fibers.  •  0.001  inTin.  after  24  h  annealing 

65%  Mineral/Glass-Reinforced: 

Annealing  •  O.OOI  in/m.  after  2  h  annealing 

When  processed  at  a  mold  temperature  of  275*F  or  •  0.001 2  inVin.  after  24  h  annealing 

greater,  parts  molded  of  Fortron®  PPS  are  able  to  fully 

crystallize,  and  therefore,  show  very  little  continued  Thus,  there  is  very  little  advantage  in  annealing  a 

shnnkage  when  exposed  to  temperatures  as  high  as  sample  molded  at  or  above  275°F  for  more  than  2  h  to 

450‘’F  (232®C)  for  24  h.  A  study  of  the  effects  of  anneal-  obtain  further  shrinkage, 
ing  Fortron®  PPS  products  showed  the  following  addi¬ 
tional  shrinkage  values  for  the  flow  direction,  using  1/8- 
in.  thick  samples; 

Ratness 


Ounensional  StaOility 
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40%  Glass  65%  Mtn/Glass 

Material  Type 

Figure  9  Warpage  with  respect  to  flatness 
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40%  Glass  6S%  MifVGlass 


Material  Type 

Figure  1 1  wantage  wim  respect  to  rounOness  ct  a  note 
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40%  Glass  65%  Min/Glass 

Material  Type 


Figure  tO  Warpage  with  respect  to  rounpness  ot  a  cytinPer 
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40%  Glass  65%  MitVGIass 

Material  Type 


Rgure  12  Warpage  with  respect  to  ttowmg  angle 


Fortron®  PPS  can  be  molded  at  lower  mold  tempera¬ 
tures  at  the  expense  of  reduced  thermal/load  properties. 
..e.,  heat  distortion  temperature.  Annealing  parts  that 
have  been  molded  at  lower  temperatures  (<275°F)  will 
ncrease  the  load-bearing  capaPiiities  of  those  parts,  but 
■.uch  practice  may  cause  warpage;  thus,  strict  care  (e.g.. 
fixturing  the  part)  should  be  taken  with  parts  requinng 
rntical  tolerances. 

.'oierances  with  Injection  Molding 

When  Fortron®  PPS  is  injection  molded,  it  is  possible  to 
jutinely  hold  tolerances  of  2-3  mil/in.  To  achieve 
iterances  such  as  1  milAin.,  the  matenal  should  be 
uniformly  onented  in  the  direction  of  flow,  and  precision 
—ocessing  machinery,  including  at  least  the  following 
trameters.  should  be  used; 

•  Uniform  tool  heating  (efficient  oil  flow  and 
proper  placement  of  cooling  lines) 


•  Closed-loop,  feedback  controllers  for  temper¬ 
atures.  pressures,  injection  speeds,  and  ram 
distances 

Table  1  demonstrates  the  dimensional  reproducibility 
obtained  in  molding  65%  mineral/glass-remforced 
Fortron®  PPS  for  10  months.  At  the  end  of  10  months, 
the  vanability  over  a  1 .9593  in.  dimension  was  ±  0.0006 
in.  (0.03%). 

Moisture  Absorption 

Fortron®  PPS  products  are  not  hygroscopic,  and  there¬ 
fore.  do  not  expehence  dimensional  expansion  like 
polyamides.  For  both  40%  glass-reinforced  and  65% 
mineral/glass-remforced  Fortron®  PPS  products,  a 
typical  moisture  absorption  value  is  0.037.,,  tested 
according  to  ASTM  Method  D-570  by  immersion  in  water 
at  73°F  (23®C)  for  24  h.  Figure  13  shows  how  this  value 
compares  with  those  of  other  engineenng  plastics  under 
the  same  conditions. 


er  Absorption 
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Chemicai  Resistance 


Fortran®  PPS  exhibits  good  resistance  to  the  effects  of 
chemicals  on  its  properties.  It  is  essentially  unaffected  by 
a  broad  class  of  chemicals  at  elevated  temperatures  and 
for  prolonged  penods  of  time.  In  general,  the  few  classes 
of  compounds  that  may  cause  some  loss  of  mechanical 
properties  include  strong  acids,  oxidizing  agents,  and 
some  amines. 

Effects  of  Hot  Water 

Fortron®  PPS  resists  hydrolysis  very  well.  Unfilled 
Fortron®  PPS  shows  no  significant  change  m  properties 
after  long-term  exposure  to  water  at  high  temperatures, 
showing  the  polymer's  resistance  to  hydrolytic  attack. 
Figure  1  shows  the  tensile  strength  retention  of  unfilled. 
40%  glass-reinforced,  and  65%  mineral/glass-reinforced 
Fortron®  PPS  products  after  exposure  to  hot  water  at 
203°F  (OS'C)  under  15  psi. 


Fl9ur«  1  Tensiie  strength  retentfon  at  break  in  hot  water  under  pressure 


^  ^20-1- 

•sO 
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Figure  2  Tensile  elongalion  in  hoi  water  under  pressure 


There  is  some  loss  of  strength  attributed  to  a  reduced 
adhesion  at  the  glass  remforcement/polymer  interface. 
This  phenomenon,  known  as  the  “wicking  effect,"  is 


normal  for  glass-reinforced  plastics.  The  designer  snouid 
compensate  for  this  loss  of  strength. 

Chemical  Resistance 

Table  1  lists  the  property  retention  ratings  of  a  large 
number  of  chemical  compounds  on  test  specimens, 
ASTM  Type  I  tensile  or  flexural  bars,  molded  at  a  mold 
temperature  of  ZTS’F,  using  40%  glass-reinforced 
Fortron®  PPS.  The  rating  method  is  adapted  from  that 
used  in  Modem  Plastics  Encyclopedia:  however,  please 
note  that  surface  effects  were  not  evaluated.'  Numerical 
data  are  available  from  Hoechst  Ceianese  Engineering 
Plastics  Division  marketing  representatives  or  in  matenal 
monographs. 

It  is  important  tor  the  designer  to  note  that  the  standard 
chemical  resistance  test  methods  (i.e.,  those  used  to 
prepare  Table  1)  are  only  intended  to  serve  as  a  general 
guideline.  Because  the  samples  are  not  tested  in  the 
chemical  environment  under  load,  the  results  can  be 
misleading  for  design  purposes  concerning  the  perfor¬ 
mance  properties  of  a  plastic  part  in  a  particular  chemi¬ 
cal  environment  under  load.  Therefore,  the  designer  is 
strongly  recommended  to  pursue  creep  rupture  testing  in 
the  actual  end-use  environment  on  test  bars  or.  prefer¬ 
ably,  prototype  parts  to  determine  the  suitability  of  a 
particular  plastic  in  such  an  environment. 

’  Key  to  chemicai  resistance  table,  as  suggested  in  Modem 
Plastics  Encyclopedia.  McGraw-Hill  Pub.  Co.,  1906-1987,  p. 
442; 

A  »  No  significant  effect  <0.5%,  <0.2%,  ana  <10% 
change  in  weight,  dimension,  and  strength, 
respectively;  slight  discoiorabon. 

B  =  Significant,  but  usually  not  conclusive:  0.5-1 .0%. 
0,2-0, 5%.  and  10-20%  change  in  weight,  dimen¬ 
sion.  and  strength,  respectively;  discolored 
C  =  Usually  significant  >1.0%.  >0.5%.  and  >20% 
change  in  weignt,  dimension,  and  strengtn, 
respectively;  distorted,  warped,  softened,  or 
crazed. 
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Tabis  1  Chamtcai  msictanca  of  40%  giass-iwnlorcM  Fonrao'*  PPS 


Reagent  (Cone.*) 

Temp. 

(°C) 

Time 

(days) 

Tens. 

Elong. 

Length 

Thick¬ 

ness 

Acida: 

HydfoeWone  Add  (10%) 

23 

40 

A 

A 

A 

1 

Hydroentone  Acid  (1Q%) 

80 

42 

— 

C 

C 

A  i  - 

Nitric  Acid  (10%) 

23 

40 

A 

A 

~  i  ~ 

Sulhinc  Ackt  (10%) 

23 

40 

A 

A 

A 

_  i 

} 

Sultufic  Acid  (30%) 

80 

”  ■ 

lAJ 

A 

— 

Aleohojs: 

1 -Butanol  I  80 

180 

A 

— 

—  i  — 

Ethanol  (5°i)  j  80 

180 

A 

A 

C 

A  C 

Methanol 

60 

180 

8 

A 

A 

A  B 

Methanol  (eotii) 

55 

180 

A 

A 

A  1  A 

Methanol  (15%) 

65 

180 

A 

A 

A 

A 

A 

Ethylene  Qlycol  (Antifreeze) 

120 

180 

A 

A 

1 

Baeea: 

Sodium  Hydroxide  (10%) 

23 

40 

A  j  A 

A 

A 

B 

Sodium  Hydroxide  (30%) 

80 

180 

A  j  A 

_ _ _ _ 

— 

_ 

Hydroearbone: 

Brake  Pluid 

80 

42 

— 

A 

A 

A 

A 

Diesel  Euei 

80 

180 

A 

A 

A 

A 

^  . 

95%  Fuel  A/5%  Ethanol 

80 

180 

A 

A 

C 

A 

C 

85%  Fuel  B/15%  Methanol 

65 

180 

A 

A 

A 

A 

A 

40%  Fuel  C/60%  Methanol 

55 

180 

A 

A 

A 

A 

A 

Gasoline  (Regular) 

-  -1 

125 

A 

A 

— 

— 

Gear  Oil  (75W-90)i  150 

142 

A 

A 

A 

A 

— 

Kerosene  j  60 

40 

A 

A 

A 

— 

_ 

(.ubricatlng  Oil  i  60 

40 

A 

A 

A 

— 

— 

Mineral  Oil  (Sat) i  120 

30 

A 

A 

A 

— 

— 

Motor  Oil  1  80 

42 

— 

A 

A 

A 

A 

Refngsratlon  Oil 

100 

60 

— 

— 

A 

— 

— 

Toluene 

80 

30 

-  !  B 

— 

— 

Transmission  Fluid 

150 

42 

A  1  A 

A 

— 

— 

Xytene 

80 

180 

B 

A 

B 

A 

C 

Inorganica: 

Caldian  Cnionds  (Sat) 

80 

42 

— 

A 

A 

A 

A 

Potassium  Chromate  (30%) 

80 

42 

A 

A 

_ 

— 

— 

Zinc  Chloride  (Sat) 

80 

42 

— 

A 

A 

A 

A 

Sodium  Hypochtonle  (5%) 

80 

30 

B 

B 

— 

— 

— 

Deionized  Water 

23 

180 

A 

A 

“ 

— 

— 

Deionized  Water!  100 

180 

C 

C 

A 

A 

A 

Chemical  Resistance 


Table  1  Chamical  rasistanca  of  Fortron®  PPS 


Reagent  (Cone.*) 

Temp. 

(“C) 

Time 

(days) 

Tens. 

Eiong. 

Tens. 

Str. 

! 

Weight 

Length 

Thick¬ 

ness 

Ketones: 

Acetone 

55 

180 

A 

A 

A 

B 

2-8utanone 

58 

180 

8 

A 

A 

A 

A 

Ottiers; 

Butyl  Acetate 

ao 

180 

A 

A 

— 

Oietnyf  Etner 

23 

40 

A 

A 

A 

— 

— 

Oichlorodifluorometttane 

100 

60 

— 

A 

A 

B 

— 

,  Freon® 

93 

— 

B 

A 

— 

_ 

— 

Freon®  1 1 3 

23 

40 

A 

A 

A 

— 

T  eirafluoroethane 

100 

60 

A 

A 

A 

A 

— 

1,1,1-Tnchloroetnanei  75 

180 

A 

A 

A 

A 

8 

Freon®  is  a  registered  trademark  of  £.  I.  Dupont  de  Nemours  &  Co..  Inc. 
'Concentrations  are  assumed  to  be  100%  unless  stated  otberwiae. 
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Electrical  Properties 
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Fortran®  PPS  has  been  demonstrated  to  be  a  key  high- 
performance  polymer  in  the  eleancal/electronic  industry. 
Because  of  its  outstanding  electrical  prapenies.  as  seen 
in  Table  1 ,  the  40%  glass-reinforced  grades  are  used 
most  frequently.  In  certain  applications,  glass/mineral- 
reinforced  grades  exhibiting  high  arc  resistance  and  low 
warpage  have  received  increased  interest  from  this 
industry,  Matenal  monographs  provide  more  specific 
date  for  individual  grades  of  materials. 


Table  1  Elecincai  Ofooenies  ot  40*.'o  giass-reintorcaa  Fofrron  *■  PPS 


Property  & 
Conditions 

Test 

Method 

Units 

property 

Value 

Oialactric  Strength 
(Short  Term)  d  50% 

RH,  73”? 

ASTM 

0149 

0.125  in. 

v/mii 

450 

0.062S  in. 

V/mil 

680 

0.03125  in. 

V/mil 

960 

Hot  Wire  Ignition  (HWt) 

UL  746 

@  1/8  in.  (3.18  Tim) 

sec 

68 

@  1/32  in.  (0  81  mm) 

sec 

16 

High  Voltage  Are 
Tracking 

UL746 

ini 

min 

4.6 

Comperative  Tracking 
Index 

ASTM 

03638 

V 

125 

A  sampling  of  electncal/electronics  applications  that 
frequently  benefit  from  the  combination  of  properties 
offered  by  Fortran®  PPS  are  connectors,  molded 
interconnects,  bobbins,  etc.  The  EyE  Industry  Group  of 
Hoechst  Celanese.  Engineenng  Plastics  Division,  in 
con)unction  with  the  Fortran®  Product  Group,  is  continu¬ 
ously  developing  specialty  grades  to  meet  the  changing 
needs  of  the  electncal/electronics  industry. 

Effect  of  Frequency,  Humidity,  and 
Temperature 

As  shown  in  Tables  2  and  3,  the  dielectric  constant  and 
dissipation  factor  (ASTM  D-150)  of  40%  glass-reinforced 
Fortron®  PPS  are  only  minimally  affected  by  changes  in 
temperature,  frequency,  or  humidity. 

Figure  1  illustrates  the  stability  of  the  volume  resistivity 
of  40%  glass-reinforced  Fortron®  PPS  when  aged  at  an 
elevated  temperature  (15fl'’F,  70°C)  and  a  99%  relative 


humidity.  Figure  2  shows  the  minimal  effect  of  hign 
temperatures  alone  on  the  volume  resistivity  (ASTM  D- 
257)  of  Fortran®  PPS. 

Table  2  DtaWetne  axisani  o»  <0%  guos-rwnlorcad  Fomon®  PPS 
(ASTM  01  SO) 


Conditions 

Dielectric 

Constant 

®  1  MHz.  50“C.  48  h 

3-90 

3  100  MHz,  SO'C.  48  h 

4  00 

Immersion  in  water,  24  n 

9  1  MHz,  23''C 

3.80 

9  100  MHz,  23°C 

3.80 

Frequency:  i  MHz 

SO'C 

3.90 

lOO-C 

3.95 

ISO'C 

3.97 

150*0 

3.95 

180*C 

4,90 

Teble  3  Oissipaiion  factor  of  40%  glass-remforcac  Fortron*  PPS 
(ASTM  0150) 

Conditions* 

Dissipation 

Factor 

9  73”F.  1  kHz 

0,001 

®  73°F.  100  Hz,  Ory 

0.001 

®  73°F.  100  Hz,  V)/et 

0.001 

@  73°F.  :  MHz,  Dry 

0.003 

9  73”F,  1  MHz.  Wet 

0.003 

All  at  1  MHz: 

©  30*0 

0.0015 

9  100”C 

0.0015 

O  120*C 

0.0018 

9  150°C 

0.0022 

9  IBO'C 

0.003 

"Dry:  Dned  in  desicant  at  23°C  for  16  h 

Wet;  Immersed  in  water  at  23°C  for  24  h 
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Bioctnea!  Propartm 


Figure  1  Stable  volume  resistivity  ot  Foitron-  PPS  at  70°C  (150=F) 
ana  99%  relative  numioity 


20 


Temperature  C’C) 

Figure  2  Etfect  of  different  temperatures  on  volutne  resistivity 


ionic  Impurities 

Foftron®  PPS  contains  few  ionic  impurities,  e.g..  Na*,  K', 
Li*.  F*.  Cl",  Br,  and  SO/*.  If  such  ions  are  abundant, 
they  can  adversely  affect  the  performance  of  some 
sockets  and  connector  housings.  Electncat  engineers 
know  that  excessive  levels  of  ionic  impurity  can  lead  to 
the  corrosion  of  contacts  or  shorts/opens  in  applications 
that  are  in  contact  with  a  current.' 

Furthermore,  the  increasing  requirements  due  to  minia¬ 
turization  have  led  to  shorter  center-to-center  distances 
for  many  electncal  hou^ngs.  Thus,  the  distances 
dirough  which  ionic  impurities  must  migrate  to  cause 
failure  is  decreased.  Compounding  this  effect  are  such 
conditions  as  higher  temperatures  and  humidity  levels, 
which  accelerate  the  mobility  (leaching)  of  the  ionic 
impurities  to  the  surface. 

■  Cornett.  Tim.  'ionic  Contamination  in  Socket  Housing 
Materials.'  Connection  Technology.  Oct.  1987,  p.  19 


Soldering  Heat  Resistance 

Fortron®  PPS  shows  excellent  resistance  to  solder 
temperatures  and  dipping  times,  as  shown  in  Table  4 
The  test  piece  (5  X  15  X  0.3  mm)  was  placed  in  an 
aluminum  frame  and  dipped  for  the  times  and  at  the 
temperatures  indicated. 


Table  4  Soldenng  neat  resistance  ol  Fortron*  PPS 


Solder  Temp. 

("C) 

Dipping  Time  (sec) 

5 

1P 

30 

60 

250 

A 

A 

A 

A 

260 

A 

A 

b 

B 

270 

A 

A 

B 

B 

280 

C 

D 

D 

0 

Key;  A  =  No  Change;  B  =  Discolored;  C  =  Surface 
affected:  D  =  Partially  melted  or  deformed. 
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Chapter  7 


Fundamental  Design  Criteria 


Part  Design 

For  a  broader  discussion  of  the  fundamental  pnnciples 
irrvoived  in  plastic  part  design,  it  is  recommerKted  that 
the  reader  refer  to  Chapter  8,  'Design  Considerations  for 
Injection-Molded  Parts,"  of  Designing  with  Plastic:  The 
Fundamentals,  published  by  Hoechst  Celanese,  Engi- 
neenng  Plastics  Division. 

Wall  Thickness 

The  wall  thickness  of  parts  made  of  Fortron®  PPS 
should  be  uniform  througnout.  To  achieve  uniform 
cooling,  and  thus  uniform  crystallization  and  stress 
relaxation,  a  variation  of  25%  of  the  nominal  wall  thick¬ 
ness  should  not  be  exceeded.  This  vacation  should 
proceed  in  as  gradual  a  manner  as  possible,  as  illus¬ 
trated  in  Figure  1 ,  and  the  part  should  be  gated  so  that 
the  material  flows  from  the  thicker  section  to  the  thinner 
section. 

A  typical  range  of  wall  thicknesses  with  Fortron®  PPS 
depends  greatly  on  the  flow  length,  injection  pressure, 
cylinder  temperature,  etc.  Wall  thicknesses  between 
0.020  and  0.200  in.  are  common. 


Baat 


Figure  1  Design  of  nominal  wall  from  itiick  to  ihin  sections 


Fillets/Padii 

Because  all  PPS  materials  exhibit  a  sensitivity  to 
notches,  it  is  recommended  that  radii  be  incorporated  for 
ail  sharp  internal  comers,  particularly  those  beanng 
loads.  A  minimum  radius  of  25%  of  the  nominal  wail 
thickness  is  suggested:  however,  a  larger  radius  allows 
for  a  stronger  part.  Figure  2  shows  the  significant  effect 
that  a  notch  can  have  on  the  energy  required  to  break  a 
sample  of  either  40%  glass-reinforced  or  65%  mineral/ 
glass-reinforced  Fortron®  PPS. 

iZt - ; 


40%  Glass  6S%  MirVGIass 

Material  Type 
Figure  2  Enact  of  notcnas  on  izod  impact  stiangm 


Ribs 

The  use  of  ribs  in  a  plastic  part  design  allows  the  de¬ 
signer  to  accomplish  the  following  obfectives; 

•  Reduce  the  wall  thickness 

•  Reduce  cooling  time 

•  Improve  the  flow  paths 

•  Increase  the  part's  strength  and  stiffness 

•  Reduce  part  weight 

•  Reduce  cost 

Rib  height  up  to  3  times  the  wall  thickness  and  the  rib 
thickness  half  the  wall  thickness  are  recommended. 

Bosses 

Bosses  frequently  serve  as  fastening  points  for  other 
parts,  and  thus,  are  subject  to  many  different  kinds  of 
stresses,  e.g.,  hoop  stresses,  molded-in  stresses,  etc. 
Figure  8.10  in  Designing  with  Plastic:  The  Fundamentals 
may  be  reviewed  for  general  principles  regarding  the 
design  of  bosses.  Figure  3  shows  the  recommendations 
for  design  of  a  thread-cutting,  self-tapping  screw  boss 
when  Fortron®  PPS  products  are  used. 
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In  applications  requiring  particularly  high  strength,  metal 
nngs  for  bosses  can  lower  hoop  stresses  and  allow  for 
thinner  walls.  If  thread  fittings  are  necessary  and  a 
choice  Is  available,  mold  the  pipe  threads  onto  the  male 
part  rather  than  on  me  female  part 


- 0 - : 

D-2W 

Figure  3  Design  of  a  self-tapping  screw  boss 

Tool  Design 

Tool,  Screw,  and  Barret  Construction  Materials 
As  is  true  of  all  filled  plastic  products,  proper  matenals 
must  be  used  in  the  construction  of  molds,  screws,  and 
barrel  liners  because  glass  and  mineral  filler  materials 
are  abrasive  compounds.  This  is  also  true  of  PPS 
products. 

For  high-volume  production  parts,  the  recommended 
steels  for  cores  and  cavities  are  0-2.  0-7,  and  A-2 
steels,  which  have  good  wear  resistance  properties.  For 
lower  volume  production  parts,  tool  steels  such  as  S-7. 
P-20,  and  H-13  are  acceptable.  An  SPI A2  class  finish  is 
recommended.  For  tools  that  are  especially  difficult  to 
vent  adequately,  corrosion-resistar  steels  D-2,  D-7,  and 
stainless  steel  are  suitable. 

The  abrasive  nature  of  glass  and  minerals  also  affects 
the  screws  and  barrels.  The  proper  matenals  for  con¬ 
struction  are  important  to  ensure  long  life.  Stellite  is 
recommended  for  screws,  and  Xaloy  800  is  recom¬ 
mended  for  barrel  liners  for  long  barrel  life. 

Gate  Location 

Gates  should  be  located  to  provide  a  flow  that  is  uniform 
and  uninterrupted.  Generally,  the  number  of  gates 
should  be  kept  to  a  minimum.  It  is  common  practice  to 
use  multiple  gates  when  dealing  with  a  long  flow  length 
and/or  thin-wall  parts  to  reduce  the  pressure,  and 
therefore,  minimize  flash.  When  multiple  gates  are 
necessary,  they  should  be  placed  so  that  the  weld  lines 
in  the  product  are  formed  in  areas  with  minimal  load- 
bearing  requirements.  Where  possible,  adjacent  flow 
fronts  should  be  forced  to  meet  at  an  acute  angle  so  that 
a  meld  line  is  formed.  Venting  at  the  weld  line  also 
promotes  stronger  welds. _ 


Gate  Size 

The  size  of  the  gate  is  related  to  the  nominal  wall 
thickness.  Gates  should  always  be  at  least  as  wide  as 
they  are  deep. 

The  high  flow  of  Fortron®  PPS  matenals  permits  the  use 
of  very  small  gates  (as  low  as  0.04  in.  diameter).  For 
example,  submarine  or  pinpoint  gates  typically  have  a 
0.040-0.070  in.  diameter.  This  smaller  gate  area 
minimizes  gate  vestige  and  provides  satisfactory  part 
separation  from  the  runner.  For  edge  gates,  a  typical 
starting  point  is  50%  of  the  nominal  wall  thickness.  A 
typical  land  length  is  0.020  in. 

Gate  Types 

Any  kind  of  gate  may  be  used  for  molding  Fortron®  PPS. 
For  a  review  of  the  various  types  of  gates,  see  Figure  2 
in  Designing  witri  Plastic:  The  Fundamentals.  It  should 
be  noted  that  if  a  submanne  gate  is  selected,  it  should 
conform  approximately  to  the  geometry  recommended  in 
Figure  4. 


/ 


Figure  4  Soeclficiitions  tor  submanne  gates 
Runner  Systems 

Full-round  runners  with  a  diameter  as  small  as  0.125  in. 
(6  mm)  are  used  for  molding  Fortron®  PPS  Equivalent 
trapezoidal  runners  may  also  be  used.  When  a 
multicavity  mold  is  being  used,  it  is  imperative  that  the 
runner  system  be  balanced  to  ensure  that  all  cavities 
finish  filling  simultaneously,  thus  preventing  any  one 
cavity  from  being  overpacked. 

Vents 

Vents  should  be  located  in  all  sections  of  the  mold  cavity 
where  air  may  become  trapped  by  the  molten  Fortron® 
PPS.  particularly  in  the  last  areas  to  fill.  The  tenderrcy  of 
PPS  to  flash  dictates  that  shallow  vents,  ca.  0.0003- 
0.0005  in.  (0.007-0.012  mm),  be  used.  Inadequate 
venting  entraps  gas.  causing  incomplete  filling  of  the 
part,  bum  marks,  and/or  poor  weld  line  strength.  The 
vent  land  length  should  be  about  1/8  in.  and  then 
widened  to  the  edge  of  the  tool. 


Chapters 


Assembly  Methods 


in  ttiis  chapter,  as  with  all  others,  the  reader  is  encour¬ 
aged  to  refer  to  Designing  with  Plastic:  The  Fundamen¬ 
tals  for  the  fundamental  principles  and  equations  of  the 
items  discussed  here,  which  focus  on  the  specifics  of 
assembly  with  Fortron®  PPS  products. 

Snap>Fits 

Snap-fits  are  commonly  evaluated  by  calculating  dy¬ 
namic  strain  rather  than  stress.  The  maximum  dynamic 
strain.  £max>  ^t  ambient  temperature  for  40%  glass- 
reinforced  Fortron®  PPS  is  0.014.  and  that  for  65% 
mineral/glass-reinforced  Fortron®  PPS  is  0.01 0. 

In  designing  the  finger  of  a  snap-fit,  it  is  extremely 
Important  to  avoid  any  sharp  internal  comers  or  struc¬ 
tural  discontinuities,  which  can  cause  stress  risers. 
Because  a  tapered  finger  (a  2:1  taper  is  uf  tally  consid¬ 
ered  typical)  provides  a  more  uniform  streias  distribution, 
it  is  the  preferred  design  where  possible. 

Chemical  Bonding/Adhesives 

When  adhesives  are  being  used  with  Fortron®  PPS 
products,  the  surface  should  be  pretreated  by  wiping  the 
surface  with  a  solvent  cleaner  (methyl  ethyl  ketone). 
Successful  bonds  have  been  obtained  with  epoxies, 
urethanes,  and  acrylic-type  adhesives.  For  further 
details,  please  contact  your  local  Hoechst  Celanese 
Engineering  Plastics  Division  representative. 

Ultrasonic  Welding 

Parts  made  of  Fortron®  PPS  can  be  ultrasonically 
welded.  However,  the  joint  design  is  critical  for  the 
strength  of  the  finished  part.  A  shear  joint  is  the  best 
design  overall  with  Fortron®  PPS  parts.  Table  1  gives 
the  interference  guidelines  for  shear  joints  with  Fortron® 
PPS.  while  Figure  1  shows  recommended  dimensions 
for  a  shear  joint.  Tables  2  and  3  show  a  companson  of 
the  ultrasonic  strength  of  Fortron®  PPS  vs.  highly 
branched  PPS  materials,  including  neat.  40%  glass- 
reinforced.  and  65%  mineral/glass-rilled  systems.  The 
parts  tested  were  two  caps  with  a  wall  thickness  of  3  mm 
(1.2  in.)  and  a  radius  of  47  mm  (18.5  in.).  A  lead-in 
angle  of  30-45°  further  reduces  the  area  of  contact, 
pinpointing  energy  and  maximizing  shear  to  allow  for  a 
strong  structural  and  hermetic  seal.  Due  to  low  strength, 
energy  directors  are  not  recommended. 

When  shear  joints  are  to  be  welded,  use  high  power  with 
a  high-amplitude  booster,  low  pressure,  and  a  slow  horn 
speed.  Caution  should  be  used  during  welding  of  parts, 
since  an  excessively  high  amplitude  and/or  an  exces¬ 
sively  long  application  time  could  destroy  the  part.  Care 


Figure  1  Rscommandad  dimensions  tor  shear  josns 


Table  1  imertwence  guidelines  tor  shear  lomts  with  Fortron*  PPS 


Maximum  Part 
Dimanaion 

Intarfarenca  par 
Side 

Part  Dimension 
Tolerance 

<0.75  in. 

0.008-0.012  in. 

±0.001  in. 

(IB  mm) 

(0.20.3  mm) 

(±0.025  mm) 

0.75-1 .5  in. 

0.0120.016  in. 

±0.002  in. 

(18-35  mm) 

(0.30.4  mm) 

(±0.050  mm) 

>1 .5  in. 

0.0160.020  in. 

±0.003  in. 

(>35  mm) 

(0.40.5  mm) 

(±0.075  mm) 

Table  2  Companson  ot  the  ultrasonic  strength  of  neat  Fortron*  PPS 
vs.  highly  branched  PPS  matenals 


Type  of 
Polymer 

bbaarved  Welding 
Reauita* 

Weld  Strength 
(lb) 

Unear  PPS 

Medium  Row 

Free  of  cracks 

990 

High  Row 

Cracked  1/5  times 

730 

Crosallnked  PPS 

Medium  Fkm 

Cracked  3/5  times 

— 

High  Flow 

Cracked  S/S  times  (all) 

'Observed  wrelding  results  refer  to  the  number  of  cracked  parts 
out  of  all  samples  (5). 
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Table  2  Comoaiison  of  tne  uftraswrec  strenglti  of  filled  Fortron® 

PPS  vs.  hi^iy  braiKned  PPS  maienais 

Type  of  Material 

Observed  Welding 
Results* 

Avg.  Weld 
Strength  (tb) 

40%  Glass-Reinforced  Syeietns 

Fortron®  PPS 

Free  trorn  cracks 

2690 

Fortron®  PPS 

Free  Iron)  cracks 

2310 

Hignty  BrancTied  PPS 

Cracked  1/5 

1650  (n  .  4) 

Highly  Branched  PPS 

Cracked  5/5  (all) 

— 

Mineral/Gfass-Reintorced  Systeme 

Fortron®  PPS 

Free  from  cracks 

1980 

Fortron®  PPS 

Free  from  cracks 

1850 

Highly  Branched  PPS 

Cracked  4/5 

— 

Highly  Branched  PPS 

Cracked  5/5  (all) 

— 

‘Results  reier  to  the  nufnoef  of  cracKea  parts  out  of  all  sempies 

(5).  All  weWIng  was  perforMWJ  at  an  amplitude  ot  0,004  in.  under 
a  pressure  of  70  psi  for  O.S  sec. 

Should  also  be  exercised  when  highly  filled  mineral/ 
glass-reinforced  grades  are  being  welded  because  of  the 
lower  toughness  of  these  grades. 

The  following  practices  in  joint  design  should  be  avoided 
if  at  all  possible  for  the  reasons  given: 

•  Joints  that  are  either  too  tight  or  too  close 
together  may  prevent  adeguate  ventilation. 

•  Thin  sections  transmitting  the  ultrasonic  energy 
may  crack  under  high  amplitude. 

•  Large  steps  requiring  high  power  may 
destroy  the  part. 

•  Energy  director  designs  will  prevent  a  homoge¬ 
neous  weld. 


Typical  condifions  for  ultrasonic  welding  of  Fonron  *  PPS 
are  as  follows: 

•  High  energy 

•  Low  pressure 

•  Amplitude 

-  At  20  kHz.  0.0032-0.0050  in.  (80-125 
pm);  for  large  parts  >2  in.  diameter, 
both  near  and  far  field 

-  At  40  kHz.  0.0019-0.0030  in.  (50-76 
pm):  tor  small  parts,  near  field  only 

•  Vibration  time:  typically  <i  s 

•  Minimum  wall  thickness:  0.050  in. 

•  Shear  joint  designs  preferred 

Heat  Staking 

Heat  staking  is  a  useful  assembly  technique  for  forming 
permanent  joints  between  parts.  Heat  staking  is  accom¬ 
plished  by  compressively  loading  the  end  of  a  nvet  while 
the  body  is  fixtured.  The  tip  that  performs  the  melting 
and  compressing  should  have  a  Rockwell  hardness  of  at 
least  60C  due  to  the  abrasive  nature  of  the  glass-  and 
mineral-filled  grades  of  Fortron®  PPS.  Fortron®  PPS 
parts  require  a  horn  or  tip  temperature  of  about  61 5°F. 
The  temperature  should  be  suffidentty  high  to  prevent 
cracking  of  the  part,  while  the  pressure  should  be 
suffidentty  low  to  avoid  cracking  the  part. 

Uf^sonic  Staking 

Ultrasonic  staking  is  a  method  of  melting  and  reforming 
a  plastic  stud  or  boss  to  mechanically  encapsulate 
another  component.  The  joining  component  which 
contains  a  hole,  receives  the  Fortron®  PPS  stud,  which 
is  then  progressively  melted  by  the  high-frequency 
vibrations  of  an  ultrasonic  horn,  under  which  the  stud  is 
placed.  The  vibrations  also  cause  a  light,  continuous 
pressure  on  the  plastic  stud,  which  is  then  reformed  in 
the  shape  of  the  horn  tip. 


Figure  2  Omiensions  tor  Head  forms  for  ultrasonic  staKing 


Figure  3  Breaking  torque  of  a  sstf-tapoing  screw 
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The  requirements  of  most  geometries  are  satisfied  by 
either  the  standard  or  low-profile  head-forms.  The 
standard  head  form  produces  a  head  twice  the  diameter 
of  the  original  stud,  while  the  low-profile  head  form 
produces  a  head  diameter  1 .5  times  the  stud  diameter. 
Figure  2  illustrates  these  two  head  forms,  as  well  as  the 
dimensions  for  each. 

Threading 

Molding  threads  into  the  part  is  the  preferred  approach 
due  to  the  excellent  strength,  toughness,  and  surface 
hardness  of  Fortron®  PPS.  It  is  important  to  ensure  that 
adequate  radii  are  incorporated  to  all  thread  roots.  If  this 
practice  is  not  possible,  use  threaded  inserts.  The  next 
alternative  is  to  use  self-tapping, 'thread-cutting  screws. 

The  thread  charactenstics  of  Fortron®  PPS  can  be  seen 
by  the  torque  required  to  break  a  part  by  tightening  a 
self-tapping  screw.  The  behavior  of  40%  glass-rein¬ 
forced  Fonron®  PPS  and  that  of  a  40%  glass-reinforced, 
highly  branched  PPS  product  are  compared  in  Figure  3. 

It  is  significant  that  the  highly  branched  PPS  product  was 
cracked  as  soon  as  it  was  tightened,  and  that  little  or  no 
increase  in  breaking  torque  was  seen  even  though  the 
fitting  was  lengthened  extensively. 

Since  Fortron®  PPS  is  a  high-modulus  material,  it  is 
recommended  that  only  thread-cutting  (type  BF  or  BT). 
not  thread-forming,  screws  be  used. 

Metal  Inserts 

Metal  inserts  have  been  successfully  used.  When 
molded  parts  with  metal  inserts  are  subjected  to  re¬ 
peated  heat  cycling,  property  fatigue  is  expected.  Table 
4  shows  how  well  both  40%  glass-reinforced  and  65% 
mineral/glass-reinforced  Fortron®  PPS  products  com¬ 
pare  in  breakage  with  a  highly  branched  40%  glass- 
reinforced  PPS  resin. 


Table  4  Fractured  pieces  per  to  test  pieces  sutxected  to  heat  cycling 


Fortron®  PPS 

Highly 

Branched 

40%  Glass 
PPS 

wm 

40% 

Glass 

65%  Mineral 
/Glass 

0.4 

0 

0 

0 

0.3 

0 

0 

1 

0.2 

0 

0 

2 

0.1 

0 

2 

2 

Conditions:  [1  h  at  -40°C  (0“F)  *  1  h  at  ISO’C  (SOa-F)  X 
60  cycles. 


W  =  Wall  thickness  of  test  piece. 
R  X  Radius  of  metal  insert. 
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Machining 

Because  of  its  exceptional  mechanical  properties. 
Fortron®  PPS  can  be  machined  with  conventional  metal¬ 
working  tools.  The  use  of  tungsten  carbide  tipped  tools  is 
recommended  when  reinforced  Fortron®  PPS  products 
are  being  machined. 

A  high  degree  of  precision  can  be  obtained  In  cutting 
operations  when  moderate  cutting  Speeds,  i.e.,  25—40  m/ 
min,  0.4-0.7  m/s,  80-130  ft/min),  are  used  with  fast  feed 
rates.  Slow  feed  results  in  excessive  tool  wear  and 
tends  to  give  the  part  a  poor  surface  appearance.  The 
preferred  coolant  is  ethylene  glycol  (antifree^te).  The 
tool  angle  should  be  about  10°. 


Fortron®  PPS  resin  is  well  suited  for  color  codirtg 
purposes. 

As  already  stated,  Fortron®  PPS  does  undergo  a  color 
change  at  elevated  temperatures.  However,  this  color 
shift  is  not  a  sign  of  degradation  and  does  not  signifi¬ 
cantly  affect  the  bulk  properties,  such  as  tensile  strength, 
flexural  modulus,  and  other  mechanical  and  electncal 
properties. 


Cuts  (up  to  1/8  in.,  3.17  mm)  can  be  made;  finish  cuts 
should  remove  no  more  than  0.005  in.  (0.13  mm)  of  the 
material. 

Surface  Decoration 

Many  applications  that  require  Fortron®  PPS's  high- 
temperature  stability,  chemical  resistance,  and  desirable 
mechanical  properties  are  not  highly  visible  parts,  and 
therefore,  do  not  require  surface  decoration.  However,  in 
applications  that  require  surface  decoration,  several 
methods,  such  as  painting,  printing,  and  laser  beam 
marking,  are  possible  with  Fortron®  PPS  products. 


Because  many  one-coat  painting  systems  do  not  give 
sufficient  peel  strength,  pretreatment  with  a  primer  is 
recommended.  Melamine-  or  alkyd-type  paints  are 
recommended  for  the  best  results.  A  urethane-based 
paint  has  been  identified  as  a  useful  primertess  paint 
system. 

Printing  is  also  possible,  but  a  pretreatment  is  again 
recommended.  Two-component  urethane-based  printing 
inks  generally  have  been  found  to  give  good  results. 


Laser  beam  marking  has  also  been  accomplished 
successfully  with  Fortron®  PPS  products. 


Coiorability 

Because  the  base  polymer  for  Fortron®  PPS  is  a  light 
beige,  products  can  be  compounded  in  a  variety  of 
colors.  However,  it  is  suggested  that  colored  Fortron® 
PPS  be  used  only  for  purposes  of  color  coding,  since 
Fortron®  PPS  colors  tend  to  turn  to  a  darker  shade  when 
exposed  to  heat  or  UV  light  for  prolonged  periods  of 
time,  or  for  short  periods  at  very  high  temperatures.  This 
phenomenon  makes  Fortron®  PPS  an  unlikely  candidate 
for  applications-requiring  color  matching;  however. 


9-1 


Vectra 

Liquid  Crystal  Polymer 


Table  of  Contents 


Introduction  and  Overview . Chapter  1' 

Chemistry . 1,1 

Morphology . 1 . 1 

Self  Reinforcement . . 1 .  i 

Anisotropy . 1.1 

Creep . 1.2 

Fibrillation . 1 .2 

Thermal  Resistance . 1.2 

Flammability . 1.2 

Electrical  Properties . 1.2 

Environmental  Resistance . 1 .2 

Chemicals . 1.2 

Weathering. . .1.2 

Radiation .  1.2 

Approvals . 1.2 

Processing . 1.3 

Low  Mold  Shrinkage . 1,3 

Coefficient  of  Linear  Thermal  Expansion  (CT E) . -1.3 

Injection  Molding . 1.3 

Extrusion . 1.3 

The  Family  of  Vectra  Resins . Chapter  2 

Base  Resins . 2.1 

Glass  Fiber  Reinforced  Resins . 2.1 

Carbon  Fiber  Reinforced  Resins . 2.1 

Other  Filler/Fiber  Combinations . 2.1 

Mineral-Riled  Resins . 2.2 

Graphite  Flake  Riled  Resins . 2.2 

Electrostatic  Dissipative  Grades . 2.2 

Color  Concentrates . 2.2 

Developmental  Resins . 2.2 

Platable  Grades . 2.2 

Design  Considerations . Chapter  3 

Mechanical  Considerations . 3.1 

Mechanical  Properties . 3. 1 

Fibrous  Nature . 3.1 

Anisotropy. . 3.2 

Thickness . 3.2 

Temperature . 3.5 

Creep  Resistance . 3.5 

Fatigue . 3.5 

Physical  Properties . 3.6 

tonic  Purity . 3.6 

Friction  and  Wear. . 3  6 

Colors . 3.6 

Permeability . 3.6 

Thermal  Properties . 3.6 

Heat  Deflection  Temperature . 3.6 

Coefficient  of  Linear  Thermal  Expansion  (CTE) . 3  6 

Dynamic  Mechanical  Spectra . 3.7 

Soldering  Stability. . 3.8 

Blistering. . _.3.8 

Continuous  Service . 

Flammability . 

Electrical  Properties . 


Environmental  Considerations' . 3  10 

Water  Resistance . ' . 3  10 

Weathenng . ....., . 3.10 

Chemical  Resistance . 3. 1 1 

Radiation  Resistance . .  3. 18 

Agency  Approvals . Chapter  4 

Undenwriters  Laboratories . 4.1 

Mil  Spec  24519 . 4.1 

USP  Biocompatibility . 4. 1 

Other . 4.1 

Processing . Chapter  5 

Some  General  Precautions/Safety . 5  l 

Equipment  Types . 5  i 

Storage . . . 5.2 

Drying  Conditions . 5  2 

Molding  Techniques . 5.2 

Molding  Conditions . 5.2 

Mold  Temperatures . 5.3 

Injection  Pressure . 5.3 

Cycle  Times . 5.3 

Screw  Speed . 5.3 

Back  Pressure. . 5.3 

Screw  Decompression . 5.3 

Shutting  Down  a  Machine . 5  3 

Regrind . 5.3 

Part  Design . Chapter  6 

Shrinkage . 6. 1 

Warpage . 6,1 

Ribs.  Comers  and  Radii . 6.  l 

Knit  Lines . 6.2 

Gating . 6.2 

Gate  Design . 6.2 

Vents . 6.3 

Draft  Angles. . 6.3 

Mold  Materials . 6.3 

Finishing  Operations . Chapter  7 

Machining . 7  1 

Prototype  Machining . 7.  i 

Tooling . 7  1 

Turning . 7.1 

Milling  and  Drilling . 7  .1 

Threading  and  Tapping . 7.2 

Sawing . 7.2 

Some  Precautions. . 7.2 

Adhesives . 7.2 

Ultrasonic  Welding . 7.4 

Plating  and  Other  Metallizing . 7,4 

Annealing . 7.4 


Table  of-Tables 


Table  of  Figures 


Design  Considerations '  -  *  Chapter  3 

Low  Temperature  Propenies  . 3.3 

Comparative  Oxygen  Permeability . 3.6 

Comparative  Moisture  Vapor  Transmission . 3.6 

Heat  Oeftection  Temperature  (HOT)  Ranges . 3.7 

Coefficient  of  Linear  Thermal  Expansion  (CTE) . 3  7 

Vapor-Phase  Solder  Stability . 3.8 

UL  746B  Long-Term  Properties . 3.8 

Smoke  Density  Vectra*  A950/B950  . 3-8 

/ectra*  Products  of  Combustion  (ppm) . 3.9 

The  Ohio  State  University  Heat  Release  Test 

Vectra*  A950  .  3.9 

Conductive  Vectra*  Variants . 3.9 

Jectrical  Properties  of  Vectra  Variants . 3.10 

Chemical  Resistance  of  Vectra*  Resins . : . 3  1 1 

“ffect  of  Radiation  on  Mechanical. 

Properties  of  A95Q . 3.18 

Effect  of  Radiation  on  Mechanical 

Properties  of  8950  . 3.18 

rocessing  Chapter  5 

Equilibrium  Moisture . 5.2 

Tvpical  Temperature  Settings . 52 

Property  Retention . 5.3 

Part  Design  Chaptar  6 

jproximate  Mold  Shrinkage . 6.1 

i-inishing  Oparations  Chaptar  7 

Suggested  Drill  and  Milling  Tool  Speeds . 7.2 

.  0  Shear  Strength  Values.  Testing 

Performed  at  22°C  (72'’F) . 7.3 

_ao  Shear  Strength  Values.  Testing 

Performed  at  100'’C  (212'’F) . 7.3 

_  5  Shear  Strength  Values.  Testing 

Performed  at  ISO^C  {302‘’F) . 7.3 

Adhesives  for  Bonding  Vectra*  LCP  Resins . 7.3 


Design  Considerations  Chaptar  3 

Fractured  Vectra*— A 130 . 3  i 

Fractured  Celanex*— 3300 . . 3  l 

Anisotropy-Tensile  Properties,  1/16  in.Thickness .  3  2 

Anisotropy-Flexural  Properties.  1/16  m  Thickness . 3  2 

Anisotropy-Tensile  Properties.  1/8  in.  Thickness .  3.2 

Anisotropy-Flexural  Properties.  1/8  m.  Thickness . 3  2 

Flexural  Modulus  vs.  Part  Thickness . 3  3 

Flexural  Strength  vs.  Part  Thickness . 3  3 

Flexural  Strength  vs.  Temperature . 3  .3 

Flexural  Modulus  vs.  Temperature . 3  3 

Flexural  Modulus  vs.  Temperature . 3  4 

Flexural  Strength  vs.  Temperature . 3.4 

Flexural  Modulus  vs  Temperature . 3  4 

Flexural  Strength  vs  Temperature .  3  4 

Vectra*  A 1 30-Creep  Modulus . 3  5 

Vectra*  Cl30-Creep  Modulus  (Annealed) .  ...  3  5 

Vectra*  8130-Creep  Modulus . 3.5 

Vectra*  A230-Tensile  Fatigue .  3.5 

Dynamic  Mechanical  Analysis  (DMA)  Vectra*  A130  ..  3.7 
Dynamic  Mechanical  Analysis  (DMA)  Vectra*  B130  . 3,7 
Dynamic  Mechanical  Analysis  (DMA)  Vectra*  C130  ..  3.7 

Hydrolytic  Stability  in  Water  and  Steam . 3, 10 

Hydrolytic  Stability  in  Water  and  Steam . 3. 10 

Weatherability  of  LCP  Resins . 3,11 

Part  Design . Chapter  6 

Nominal  Wall  Thickness  vs.  Flow  Length . 6.2 

Fan  Gate . . 6.2 

Submarine  Gate . 6.2 


lac-t- 


Introduction  and  Overview 


Vectra*  resins  are  members  of  a  relatively  new  family  of 
blgb-performance  plastic  materials  that  have  been  given 
the  generic  name  liquid  crystal  polymer”  or  “LCP*. 

Vectra*  products,  members  of  the  LCP  family,  are 
thermotropic  {melt  orienting)  and  fully  thermoplastic.  They 
can  be  processed  with  all  of  the  techniques  common  to 
thermoplastics  except  for  rotational  molding.  Vectra 
polymers  have  extremely  rigid,  rodlike  molecules  and  are 
highly  ordered,  both  in  the  melt  state  and  solid  state. 
Though  highly  ordered,  the  molecules  flow  readily  in  the 
melt  state,  providing  good  molding  characteristics,  and 
can  be  compounded  with  reinforcements  and  fillers, 
forming  unique  comoounds.  Molded  parts  exhibit  very 
low  warpage  and  shrinkage,  along  with  a  high  dimen¬ 
sional  stability,  even  when  heated  up  to 
200  -  (390  -  480“F) 


Chemistry 


Vectra  A  and  C  Series  resins  are  based  on  poly  (benzo- 
ate-naphthoate),  a  wholly  aromatic  copoiyester: 


Vectra  B  Series  is  based  on  poly  (naphthoate-amlrrophe- 
noterephthalate),  a  wholly  aromatic  copolyester-amide: 


These  resins  are  made  in  a  melt  condensation  polymeri¬ 
zation  reaction 

LCPs  can  be  viewed  in  much  the  same  context  as  other 
resin  families,  such  as  the  nylons.  That  is.  while  belonging 
to  a  common  family,  individual  LCPs  may  have  widely 
disparate  processihg  characteristics,  performance,  and 
applications.  As  a  group,  however,  Vectra  LCPs  have  in 
common  an  excellent  processability,  which  means  short 
cycle  times,  high  flowability  in  thin  sections,  and  excep¬ 
tional  repeatability  of  dimensions. 


Morphology 


The  rigid-rod  nature  of  Vectra  LCP  molecules  results  m  a 
profile  of  molecular  orientation  that  resembles  the  physi¬ 
cal  orientation  of  the  fibers  m  a  reinforced  thermoplastic. 
The  “fountain  flow”  effect  occurring  during  injection  mold 
filling  causes  the  molecules  on  the  surface  of  the  flow 
front  to  be  stretched  in  an  elongational  flow  Ultimately, 
these  molecules  are  located  on  the  part  surface,  whicn 
results  in  a  skin  that  is  oriented  in  me  flow  direction  The 
skin  may  be  15  -  30%  of  the  part's  total  thickness  Gener¬ 
ally.  as  the  pan  becomes  thinner,  the  skin  percentage 
increases 

During  mold  filling,  me  core  of  the  pan  is  subject  to 
shear  forces,  causing  a  ''tumbling'  effect:  the  core 
molecules  eventually  are  oriented  more  or  less  perpen¬ 
dicular  to  the  flow  direction.  This  behavior  mirrors  the 
orientation  of  glass  fibers  in  the  core  of  a  pan  reinforced 
with  shon  fibers. 


SeK'Reinforeament 


The  flow  behavior  discussed  m  the  preceding  section 
causes  a  self-reinforcing  effect,  i.e,.  the  skin  or  outer 
pomon  of  a  molded  pan  is  highly  oriented,  giving  excep¬ 
tional  flexural  strength  and  modulus,  as  well  as  good 
tensile  performance.  For  example,  pans  molded  from  neat 
(unfilled)  Vectra  A950  typically  have  the  strength  and 
stiffness  associated  with  30%  glass-reinforced  engineer¬ 
ing  resins  (e.g.,  PBT.PET)  When  reinforced  with  30% 
glass  fibers,  Vectra  A130  has  strength  5-10  kpsi  higher 
and  stiffness  about  1  Mpsi  higher  than  that  of  typical 
glass-reinforced  engineering  resins. 


Anisotropy 


Injection-molded  filled  and  reinforced  Vectra  resins  have 
a  degree  of  anisotropy  (  physical  properties 
in  me  flow  direction  differ  from  those  in  transverse  to  flow) 
slightly  greater  than  that  of  conventional  30%  glass- 
reinforced  resins.  Thus,  anisotropy  is  not  a  major  impedi¬ 
ment  when  designing  for  mechanical  properties.  Vectra 
LCPs  differ  in  degree  of  anisotropy  rather  than  in  kind. 
Plastics  part  designers  have  learned  to  deal  with 
anisotropy  by  working  with  glass  fiber  reinforced 
engineering  resins. 


Creep  • . ' 


Vectra  resms  afe  quite  resistant  to  creep  at  ambient 
temperatures.  A  glass  transition  results  m  a  diminishing 
level  of  creep  resistance  in  the  100  -  180°C 
(212°  -  356°F)  temperature  range. 


Fibrillation 


Because  of  LCPs  exceptionally  high  level  of  self  -  rein¬ 
forcement  through  orientation,  the  surface  molecules  on  a 
molded  part  tend  to  align  parallel  to  the  flow  direction. 
Fibrillation,  which  is  manifested  by  the  peeling  or  pulling 
cff  of  small  fibrils  of  an  oriented  surface,  occurs  with 
aorasion  This  effect  is  eliminated  m  filled  or  reinforced 
Vectra  resms.  Fibrillation  Is  a  problem  with  neat  (unfilled) 
.CPs  such  as  A95G.  B950,  and  C950  which  are  not 
recommended  for  injection  molding  applications. 


Thermal  Resistance 


*he  dimensional  stability  of  parts  molded  from  Vectra 
resms  is  sufficient  to  make  them  suitable  for  vapor  phase 
spidering  (VPS)  at  215°C  (419®F),  and  for  infrared  (IR) 
oidermg  used  m  surface  mount  technology  (SMT)  There 
iS  very  little  shrinkage  or  warpage  during  exposure  to  SMT 
soldering,  making  Vectra  LCPs  a  preferred  choice  for  SMT 
■arts.  The  low  coefficient  of  thermal  expansion  minimizes 
ny  tendency  to  warp  or  bow.  In  addition.  Vectra  resms 
are  extremely  resistant  to  thermal  degradation,  both  as 
*olids  and  in  the  melt  phase,  because  of  their  highly 
romatic  structure.  The  rigid-rod  molecular  structure  gives 
nign  melting  and  use  temperatures.  Fiber  reinforced  resins 
have  HDTs  (264  psi)  of  220  -  240°C  (428  -  465'’F),  and 
50  -270“C  (480  -  518°F)  at  lower  stress  (66  psi)  Under- 
..riters  Laboratories  has  granted  continuous  service 
temperatures  (RTI)  over  200°C  (392'’F) 


Electrical  Properties 


Vectra  resms  are  excellent  electrical  insulators  with 
exceptional  dielectric  strength  even  at  elevated  tempera¬ 
tures.  Vectra  materials  are  relatively  transparent  to 
household  and  radar  microwaves,  and  are  quite  suitable 
for  a  wide  variety  of  electronic  connectors  and  devices. 


Environmental  Resistance 


CtMuniemla:  Vectra  LCPs  are  highly  resistant  to  most 
solvents  at  moderate  to  elevated  temperatures  (about  150 
-  2CX)°C).  They  are  stable  when  exposed  to  steam  and  not 
water  for  extended  periods  of  time,  and  to  strong  acids 
and  mild  bases  at  temperatures  ranging  from  50  -lOCC 
(120-210“F). 

WBMthmring:  Vectra  resms  have  generally  good  resis¬ 
tance  to  weathering  but  do  show  some  chalking  on 
extended  exposure  to  sunlight  (>365  days) 

Rmdimtiom  Vectra  materials,  show  excellent  resistance 
when  exposed  to  gamma  radiation,  thei  ^  are  virtually  no 
changes  ..n  properties. 


Approvals 


Extensive  UL  short  and  ic  ng-term  property  listings  for 
Vectra  LCPs  are  available  on  UL  "Yellow  Cards."  Avail¬ 
able  data  include  Vectra  A1 15,  A130.  A150.  A230.  A410. 
A420.  A422.  A430,  A515,  A530.  A540.  A550,  A950,  B130, 
B950,  Cl  15.  ClSO.  C150.  and  C950.  In  addition.  Mil  Spec 
24519  has  been  granted  for  Vectra  A130,  (GLCP-30F). 
Vectra  A150,(GLCP-50F),  and  Vectra  C130,(GLCP-30R 


flammability 


1. 1  reinforced  grades.  Vectra  compounds  are  rated  UL94 
V-0  m  thicknesses  as  low  as  'Aa  in.  (0.031  m  or  0.8  mm) . 
le  Limiting  Oxygen  Index  of  Vectra  resin  is  in  the  35  - 
)%  range,  depending  on  the  base  resm  and  level  of  filler 
or  reinforcing  fiber  Being  wholly  aromatic,  Vectra  resms 
‘--m  a  char  on  exposure  to  open  flame  This  layer  of  char 
.  ts  to  slow  the  formation  of  combustible  gases 


1.2 


Processing 


Vectra  resins  are  well  suited  for  injection  molding  aopi'ca- 
tions.  They  exhibit  low  shrinkage  and  are  noted  for  their 
low  coefficient  of  thermal  expansion  (GTE).  They  can  be 
injection  molded  with  unusually  fast  cycle  times  and  high 
levels  of  regrind:  they  can  be  molded  into  long  thin 
sections  without  flash.  For  these  reasons.  Vectra  LCPs  are 
actually  much  more  economical  for  injection  molding 
applications  than  their  price  per  pound  or  per  cubic  inch 
would  initially  indicate.  Furthermore,  with  proper  design  of 
parts  and  molds,  they  are  among  the  eeisiest  materials  to 
process. 

Low  Mold  Shrinkagm:  Vectra  resins  have  uniquely 
low  mold  shiinkage  because  there  is  virtually  no  conven¬ 
tional  crystallinity  developed  dunng  the  transition  from 
melt  phase  to  solid  phase.  Therefore,  essentially  all  of  the 
shrinkage  occurs  as  a  result  of  thermal  expansion  or 
contraction  as  the  part  cnanges  temperature.  Typically, 
fiber-reinforced  Vectra  resins  have  0. 1  ^  0.2%  shrinkage 
m  the  flow  direction  and  0.3  -  0.5%  m  the  transverse 
direction.  This  is  about  one-third  to  one-half  that  of  a 
crystalline  resin  of  comparable  filler  content. 

Cooftioiont  of  Unoar  Thormal  Eapanaion  (CTE): 

Vectra  resins  have  a  very  low  CTE.  for  fiber-reinforced 
grades,  the  CTE  is  about  5  ppmrC  (9  ppm/°F)  m  the  flow 
direction  and  3C  -  50  ppm/'’C  (55  -  90  pm/°F)  in  the 
transverse  direction,  [ppm  =  cm/cm  x  lO"*  or  in./in.x  lO"®]. 

The  CTE  is  low  enough  so  that  the  expansion  of  con¬ 
nectors.  bobbins,  and  other  items  can  nearly  match  that 
of  FR-4  (glass-reinforced  epoxy)  printed  wiring  board 
materials.  Matched  CTE's  result  m  lower  contact  stress 
and  less  tendency  to  bow  the  board  when  surface  mount 
technology  processing  is  used. 

fnjoetion  Molding:  The  very  fast  cycle  times  nnssihle 
with  Vectra  materials  result  from  the  near  zero  heat  of 
transformation  f fusion)  at  the  melt  transition  temperature. 
The  neat  of  fusion  is  oniy  o  -  iU%  tnat  of  polybutyiene 
terephthaiate  or  polyethylene  terephthalate  In  addition, 
use  of  a  coot  mold  90  -  100°C  ( 195  -  212'’F)  accelerates 
the  cooling  process  and  further  trims  cycle  times, 
Molded-in  stress  is  virtually  nonexistent  at  ail  mold 
temperatures.ambient  to  150°C  (300°F). 


The  use  of  runners  ana  regrouno  parts  requires  care 
and  some  special  techniques  which  are  aescnped  later 
However,  once  a  weil-grouno  product  is  obtained, 
regrind  levels  of  25%  are  recommenoed  With  care  and 
proper  testing,- regrind  levels  to  50  -  75%  may  be  pos¬ 
sible.  Careful  drying  is  crucial  to  maintaining  mo'ecuiar 
weight  and  thus  ensures  a  consistent  process  and 
product. 

The  exceptionally  low  melt  vi.scnsiiv  of  Vectra  resin 
allows  easy  flow  at  low  pressure-  Parts  are  usually  naieri 
at  one  end:  multiple  gates  are  aenpraiiv  or«u-niiranpr| 
becauag.£UsaiJJ;oeS  Careful  design,  however,  minimizes 
the  effect  of  weak  knit  lines  m  all  but  the  most  critical 
cases.  For  example,  parts  that  have  the  snaoe  of  a 
■picture  frame"  and  have  thm  or  narrow  sections  at  the 
knit  lines  may  require  overflows  m  the  motq  design 

Vectra  LCPs  have  been  miection  moioea  on  nr  any  ail 
types  of  commercial  machines.  The  preferred  machine  is 
a  reciprocating  screw  injection  moloing  type  Th^snot 
size  should  be  50  -  75%  of  the  rnacbtaas-taiind  There 
snou^^^^rovlstofnor^ro  pack  pressure  during 
plastication,  a  tunctionai  cnecx  ring,  thermocouple 
controlled  neatinq  zones,  and  a  reyeiisejaaaf  (nyion- 
type)  nozzie 

Extruaien:  Please  consult  your  Vectra  LCP  technical 
service  engineer  for  information  on  extrusion  of  Vectra 
resins. 


1.3 


The  Family  of  Vectra  Resins 


Individual  tnembers  of  the  Vectra  resin  family  are  tailored 
with  functional  fillers,  fibers,  and  pigments  to  accommo¬ 
date  the  requirements  of  many  different  applications. 
LCPs  retain  their  excellent  flow  propenies  and  reliable 
processing  performance  at  filler  levels  up  to  55%. 


Base  Resins 


Vectra  base  resins  are  divioed  into  two  wholly  aromatic 
grouDS;  copolyesters  and  copoiyester-amides  The 
copotyesters  can  be  f'  'rther  arranged  according  to  their 
melt  point  and  processing  temperature  ranges.  The 
designations  for  all  standard  Vectra  resins  consist  of  a 
letter  indicating  the  polymer  type  and  three  digits  indicat¬ 
ing  the  filler/fiber  type  and  level. 


Vectra  Famtty  Groups 


Melt  Point 

Grade 

Chamistry 

•CCF) 

Cfiarsicianslics 

A950 

Copotyestsi 

ZB0(53S) 

General  purpose.  ^ 

V  ^ 

•  - 

•  -  4'  -131 

C9S0 

Copolyester 

325(615) 

Easier  flow.  Higher  C. 

■  Jli  .  . 

s&ttness  and  oaep  ^ 
resistance  above  -  js 

y 

.V  ■ 

•  t.  .  -ff 

200-C. 

B9S0 

Copolyester-amide 

280(535) 

Highest  strength  and  ^ 

stiffness.  -•  “t'  -?• 

Glass  Fiber  Reinforced  Resins 


Reinforcement  witn  glass  fibers  adds  stiffness,  strength 
and  neat  resistance,  and  reduces  the  degree  of  ani¬ 
sotropy  As  the  amount  of  glass  fiber  is  increased,  warp- 
age  IS  found  to  decrease  Some  of  the  glass-reinforced 
Vectra  LCPs  are  offered  m  three  glass  levels:  15,  30,  and 
50%.  These  are  general  purpose  resins  suitable  for  a 
wide  variety  of  precision  industrial,  automotive,  medical 
and  aerospace  applications.  They  are  also  rated  UL  V-0 
to  Vs*  of  an  m..  and  are  specified  for  electrical  and 
electronic  devices  such  as  connectors,  passive  compo¬ 
nents,  bobbins,  potting  shells,  and  relay  components.  In 
surface-mounted  applications.  Vectra  LCPs  are  dimen¬ 
sionally  stable  and  vapor-phase  and  IR  solderable.  The 
designations  are 


Alls,  A130,  A150:  15.  30  and  50%  glass 
fiber  tn  A950 

B1 30:  30%  glass  fiber  m  8950 

Cl  15,  Cl 30,  Cl  50;  15,  30  and  50%  glass 
fiber  in  C950 


Carbon  Fiber  Reinforced  Resins 


Reinforcement  with  carbon  fibers  gives  higner  stiffness 
and  strength  than  that  obtained  with  glass  fibers.  Other¬ 
wise  the  physical  properties  are  similar  to  Vectra  resms 
modified  with  glass.  Carbon  fiber  modified  resms  are 
electrically  conductive  and  generally  apoiied  where  the 
highest  possible  modulus  is  required.  Carbon  fiber 
reinforced  Vectra  resms  are  offered  with  30%  reinforce¬ 
ment  and  are  designated  as  follows 

A230:  30%  carbon  fiber  m  A950 

B230:  30%  carbon  fiber  m  8950 


Other  Filler^iber  Combinations 


Miscellaneous  combinations  of  fillers  and  fibers  generally 
suitable  for  bearing  and  wear  applications  are  grouped  m 
the  400  Senes  of  Vectra  LCPs  as  listed  below 

A410:  highly  filled  glass-fiber/mmerai  variant-. 

easy  flow  and  excellent  dimensional  stability 

A420;  highly  filled  glass-fiber/mmeral/grabhite  fla^e 
variant:  good  wear  characteristics 

A422;  moderately  higher  glass  content  and  higher 
graphite  flake  content:  better  bearing 
properties,  good  wear  and  chemical 
resistance. 

A430;  moderately  filled  with  poiytetrafluoroethylene 
(PTFE)  powder 

A435:  a  glass-reinforced,  polyteirafluoroethylene 
modified  bearing  and  wear  variant  with  high 
strength  and  stiffness 


2.1 


Color  Concentrates 


B420:  similar" lo  A420.  but  using  B950  resin  as  a 
base; -hardest  Vectra  resin  variant;  good 
wear  resistance  for  hght-duty  bushings  and 
bearings 


Mineral-Filled  Resins 

The  mineral  filled  variations  listed  below  have  easy  flow 
and  good  to  excellent  impact  resistance 
They  are  usually  specified  in  applications  where  flatness 
IS  important. 

A51 5,  A540:  1 5  and  40%  mineral  filled  A950 

A530:  moderately  mineral  filled,  with  softer  filler; 
easy  flow,  good  toughness  and  excellent 
dimensional  stability:  used  in  wear  applications 
where  low  wear  of  counter  surface  is  critical. 

CS50:  mineral-filled  C95Q;  excellent  dimensional 
stability,  high  temperature  resistance. 


Graphite  Flake  Filled  Resins 


Vectra  LCP  filled  with  graphite  flake  has  exceptional 
hydrolytic  Stability  and  resistance  to  chemical  attack 
Useful  in  vessels,  tubing  and  fittings  where  chemical 
resistance  is  needed;  also  tor  thin-wall  encapsulation 
(0,015  in), 

A62S:  graphite  flake  filled  A950. 


Color  concentrates  are  available  in  letdown  ratios  of  10 
15  or  20  to  1.  These  concentrates  are  intended  tor  color 
identification  purposesfather  than  color  matching 
Cadmium  pigments  have  been  eliminated  m  these  color 
concentrates  The  color  concentrates  are  available  m 
these  colors;  red.  yellow,  white,  back.  blue,  brown  and 
green 

Precompounded  colors  may  be  available;  please  check 
with  your  Vectra  resin  marketing  representative 


Developmental  Resins 


The  developmental  Vectra  resin  described  below  is  oemg 
introduced  to  the  market  to  meet  specific  needs 


PimtMbIm  for  printed  circuitry  applied  directly 

to  a  molded  pan. 

C810:  highly  filled:  conventional  cycle  times,  special 
etch  step,  smooth  surface. 

Cl  SOM:  30%  filled,  conventional  cycle  time,  used  as  the 
non-platable  plastic  m  the  two  shot  molding  process 

Other  ptatable  grades  can  be  developed  to  suit  the 
particular  needs  of  the  application.  For  further  informa¬ 
tion.  contact  your  local  Vectra  resin  marketing  represen¬ 
tative. 


Electrostatic  Dissipative  Grades 


Resins  in  the  700  Series  are  modified  with  a  conductive 
carbon  black  to  provide  electrostatic  dissioation  They  are 
suitaoie  for  PWB  earners,  static  draining  guides,  and 
metal  replacement. 

A230:  30%  carbon  fiber  in  A950. 

B230:  30%  carbon  fiber  in  B950. 

A700:  30%  glass  reinforcement  with  conductive 
carbon  black  in  A950  Good  static 
dissipation,  stiffness  and  strength;  requires 
higher  pressures  to  mold 


Design  Considerations 


Key  properties  of  Vectra  LCPs  of  interest  to  those  who 
design  and  specify  materials  are  covered  in  this  section. 
These  include  mechanical,  physical,  thermal,  flammabil¬ 
ity.  electrical  and  environmental  characteristics. 


McMshanical  Considerations 

Mmchanical  Prapmrtiaa:  The  data  presented  here 
were  all  measured  on  Vein  (3.2  mm;  thick  iniection 
molded  oars,  unless  otherwise  noted.  When  considering 
these  property  data,  it  is  important  to  keep  m  mind  that 
the  thick,  highly  oriented  skin,  which  is  characteristic  of 
parts  molded  from  Vectra  resins,  may  comprise  about 
40%  of  a  Vi  in.  thick  piece.  This  unusual  flow-induced 
orientation  of  both  polymer  and  fibrous  fillers  results  in  an 
unusual  relationship  between  part  thickness  and  me¬ 
chanically  related  properties — strength,  stiffness,  coeffi¬ 
cient  of  thermal  expansion,  heat  deflection  temperature, 
and  others.  When  designing  parts,  it  is  necessary  to 
consider  the  thickness  of  a  molded  section  as  well  as  the 
flow-induced  orientation.  For  example,  a  cantilever  beam 
in  a  snap  fit  must  be  scaled  for  modulus  as  well  as  the 
strain  level.  Contrary  to  what  might  be  expected,  very 
thick  sections  are  noticeably  lower  in  modulus  and 
strength  than  thinner  ones. 

Fibrous  Nature:  The  layered,  fibrous  nature  of  a 
section  molded  from  Vectra  resins  compared  with  that  of 
a  giass-reinforced  engineering  plastic  is  shown  in  Figures 
3.1  and  3.2.  The  skin  can  be  seen  to  contain  glass  fibers 
that  are  highly  oriented  in  the  flow  direction,  while  fibers  in 
the  part’s  core  are  much  less  oriented.  The  conventional 
resin  appears  to  break  quite  cleanly  and  does  not  have 
the  woodlike  fibrous  surface 


Fleur*  3.1  Fractured  Vectra — A130  (30%  glass  rerntorced  A9S0) 
iniection  molded  bar 


Figure  3.2  Fractured  Celanex  3300  (33%  glass  tiber  rantorced  PBT) 
iniection  molded  bar. 


Anisotropyi  The  anisotropy  of  Vectra  LCPs  vary 
'■larpiy  as  a  function  of  filler  type  and  amount.  Contrary  to 
perience  with  conventional  resins  that  are  nearly 
isotropic  when  unfilled,  LCPs  are  highly  anisotropic  when 
unfilled.  One  result  of  this  situation  is  that  neat  Vectra 
sms  fibnllate  easily  when  lightly  abraded.  Unlike  other 
.  sms.  LCPs  become  more  isotropic  as  the  level  of 
fiberous  reinforcement  increases.  For  example,  while  the 
insverse  stiffness  or  strength  of  Vectra  A950  is  about 
1%  of  that  in  the  flow  direction  (MD).  it  is  40  -  60%  of  the 
flow  direction  measurement  in  the  reinforced  resins  A130 
nr  A150.  In  contrast.  PBT  with  30%  glass  reinforcement 
s  about  the  same  ratios  of  transverse-to-flow  direction 
( ,  D)  mechanical  properties  as  Vectra  A 130  or  Cl 30 
Figures  3.3  -  3.6  illustrate  this  effect  for  somejof  the  most 
iduently  used  Vectra  variants  and  a  typical  30%  glass- 
nforced  PBT,  Celanex*  3310  (see  Fig.  3.5  and  Fig.  3.6). 


*130  B130  CISO  *540  ««2S 

Figure  3.4  Vectra  •'  Anisotropy  - 

Flexural  Properties  '/,6in  Thickness 
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Figure  3^  Vectra*.  Ceianex*  Anisotropy  - 

Tensile  Properties  V«  in.  Thickness 
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Figure  3.6  Vectra*.  Celanex*  Anisotropy  - 

Flexural  Properties  '/,  m.  Thickness 
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Thickn0a»i  The  effect  of  thickness  on  the  mechanical 
properties  is  shov»n  in^ftgure  3.7  and  figure  3  8  where 
stiffness  and  ■strength  are  compared  as  a  function  of 
thickness  for  several  commonly  selected  compounds 


Pan  ThicKness,  in. 

Figure  3.8  Flexural  Strength*  vs.  Part  Thickness 


Temparmturm:  The  effect  of  temperature  on  Vectra 
resins  is  similar  to  that  of  other  semicrystalline  plastics. 
That  is,  as  temperature  increases,  stiffness  and  strength 
are  reduced.  However,  toughness  of  molded  parts  is 
maintained  without  noticeable  embrittlement  down  to 
cryogenic  temperatures  as  low  as  that  of  liquid  nitrogen: 
see  Table  3.1  (A950).  Figures  3.9  -  3.14  illustrate  the 
effects  of  temperature  on  strength  and  stiffness  of  several 
Vectra  comoounds. 


Table  3.1  Low  Temperature  Properties  Veara  A950 


'Tests  conducted  tokoweig  immersion  ot  samples  in  Iqusl  nitrogen. 
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Figure  3.9  Rexural  Strength*  vs.  Temperature 
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Figure  3.10  Flexural  Modulus*  vs  Temperature 
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Dynamic  Mechanical  Spectra:  Dynamic  Mechani¬ 
cal  Analysis  (DMA)  is  a  powerful  technique  tor  Indicating 
the  stiffness  of  a  molded  part  as  a  function  of  tempera¬ 
ture  Thus,  it  is  a  useful  method  to  compare  semiquanti- 
tatively  the  thermomechanical  performance  of  different 
resins.  For  Instance,  DMA  curves  tor  Vectra  A130,  8130 
and  Cl 30  are  shown  in  Figures  3. 19  - 3.21  Stiffness  of 
Vectra  B130  at  room  to  be  rnuch 

higher  than  that  of  general  purpose  Vectra  A130,  while  in 
the  vaoor  phase  and  IR  soldering  range  of  215  -  230®C 
(419  -  445’F).  the  stiffness  of  C130  exceeds  that  of  A130. 

An  additional  property  that  should  be  noted  is  the 
damping  or  energy-absorbing  characteristics  of  the 
resins.  The  curves  indicate  strong  damping  peaks  at 
about  50  -  see  (120  -  175°F):  therefore,  at  these  tem¬ 
peratures  plastic  parts  of  Vectra  resin  are  especially 
efficient  at  absorbing  mechanical  energy  or  acting  as 
sound  dampers.  At  other  temperatures,  Vectra  parts  are 
already  very  good  tor  absorbing  energy,  as  evidenced  by 
the  lack  of  "ringing”  when  they  are  dropped  on  a  hard 
surface  or  subiected  to  vibration  in  service. 
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Figure  34ZO  Dynamic  Mechanical  Analysis  (DMA)  Vectra*  Bi: 
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Rgure  3^1  Dynamic  Mechanical  Analysis  (DMA)  Vectra*  Cl  30 
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Soldmring  StmbiUtyi  Vectra  g^a^s-filted  variants.are  • 
commercially  successful.m  applications  requiring  wave, 
vapor-phase,  and  !R  splctering.  Table  3.6  shows  the 
reflow  soldering  stability  of  LCPs  versus  some  other 
thermoplastics. 


Tablets  Vapor-Phase  Solder  Stability 
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Blistmring:  When  exposed  to  temperatures  near  the 
melt  point,  Vectra  LCP  parts  can  blister  Blisters  are 
caused  by  insufficient  drying  before  molding  or  thermal 
abuse  during  molding.  Motders  should  avoid  excessive 
melt  temperature  and  residence  time  in  the  barrel, 
‘ncreasing  thermal  abuse  decreases  the  temperature  at 
vhich  blistering  is  first  evident  This  effect  can  be  used 
to  gauge  manufacturing  quality  since  excessive  thermal 
abuse  results  in  blistering  when  the  piece  is  exposed  to 
1  threshold  temperature  With  proper  processing,  parts 
Jo  not  blister  at  temperatures  up  to  240  -  260‘’C  (465  - 
SOO^F). 

Continuous  Sorviee:  Underwriters  Laboratories' 
UL746B  test  sequence  is  used  to  establish  Relative 
■thermal  Indices  (RTI).  sometimes  called  continuous  use 
;mperatures  Based  on  thermal  aging  measurements. 
nTI's  give  a  guideline  temperature  for  long  term  retention 
of  properties  such  as  dielectric  strength,  tensile  strength 
nechantcal  strength  without  impact),  and  tensile  impact 
rength.  The  final  RTI’s  for  the  glass-reinforced  Vectra 
Series  A130,  A150,  and  C130  are  listed  in  Table 
■  7  Please  consult  your  Vectra  LCP  marketing  represen- 
tive  for  further  UL  information  on  other  compounds. 


Table  3.7  UL  7468  Long-Term  Properties 
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^^r430 12201 'fjC 
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i 
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Flammability _ 

Vectra  LCPs  are  inherently  flame  resistant.  They  are 
rated  UL94V-0  by  UL  test  procedure  without  any  additive 
package  for  flame  resistance.  The  limiting  oxygen  indices 
range  from  35  -  50%.  Vectra  resins  meet  the  current 
Federal  Aviation  Administration  standards  for  aircraft 
interiors.  They  have  a  low  NBS  smoke  density  rating 
(Table  3.8)  and  the  products  of  combustion  contain 
nondetectable  levels  of  halogens  and  cyanides  (Table 
3.9).  In  addition,  Vectra  LCPs  performed  very  well  in  The 
Ohio  State  University  Heat  Release  Test  (Table  3.10)  per 
FAR  25.853  (A-1),  part  IV  of  Appendix  F. 


Table  3,8  Smoke  Oansity*  Vectra  A950 
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Table  3.9  Vectra  Products  ot  Combustion  (ppm) 


Ttw  aoov«  (tala  wars  genataiad  on  3  men  s  3  men  i '«  men  (762  mm  «  76.2  mm 
X  32  mmi  irucK  plaguas.  The  gaies  were  maaauiM  uaatg  Omgar  tuoac 
anacnea  to  a  sampling  post  and  ainjianng  sysem  addaO  to  me  NBS  smoae 
density  cnamoee 

NBS  Smose  Density  Chamoer 
ASTM  E«2.  NFP  2SS 

Above  are  typical  valuas.  not  to  be  used  tor  spaoticatnn  ptuposes. 


Electrical  Properties 


Vectra  resins  exhibit  good  electrical  properties  These 
characteristics  combined  with  easy  processing,  dimen¬ 
sional  stability,  heat  resistance,  and  mechanical  integrity 
make  Vectra  LCPs  widely  chosen  (or  electronic  compo¬ 
nents,  especially  for  applications  involving  surface  mount 
technology  With  outstanding  dielectric  strength — typically 
30  -  50%  higher  than  that  of  other  engineering  thermo¬ 
plastics — Vectra  resins  are  also  available  with  tow  to 
moderate  conductivity  (Table  3.1 1).  These  variants  can 
be  used  for  static  dissipating  applications  (ESD)  and 
limited  electromagnetic  interference  (EMI)  applications 


Table  3.11  Conductive  Vectra  Vanants 


■  Vectra 
Vanants 

Cartxtn  Fiber 

:  Conoucbve 
-  Caibon  Biacx 

... Grade  ..- 

---^.-A230 

.  A700 

-10* 

*  Mduutdd  on  motOdd  ban.  savarsMiniM  andt. 


In  addition,  Underwriters  Laboratories  has  tested  a 
number  of  Vectra  variants  (Table  3.12):  they  report 
measurements  of  flammability,  arc  resistance,  hot  wire 
ignition,  high  current  arc  ignition,  high  voltage  arcing 
rates,  and  comparative  tracking  index.  These  data  are  all 
reported  on  the  standard  U.L.  "Yellow  Cards. ’ 


Table  3.10  The  Ohio  State  University  Heat  Release  Test: 
Vectra  A950 
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>  Above  are  actual  data  from  ana  lastad  lot  bakavad  to  be  typaal. 
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1  ^ble  3.12  Electrical  Proponie:;  ol  \/<!ctr3  vari.'ints 
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Envirqjimental  Considerations _ 

later  Resistance:  Figures  3.22  and  3.23  illustrate  the 
_.tec;  ot  steam  exposure  and  water  immersion  on  Vectra 
A950,  A 130.  and  A625.  In  general,  water  immersion  is 
ore  severe  than  steam  exposure,  Vectra  A625  exhibits 
:cellent  retention  of  tensile  strength  and  modulus.  Most 
grades  retain  uO  -  80%  of  tensile  properties  after  lOOO 
r’nur  exposures. 
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Figure  3^4  Weatherability  of  LCP  Resins.  2,000  Hrs. 
in  Weatfierometer*  (ASTM  02565) 
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Chmmieat  8*si‘stafic«:  The  resistance  of  Vecira  A950 
and  other-Sfades  to  common  inorganic  and  organic 
solvents,  acids,  and  alkalis  is  listed  irf^able  3.13.  With  a 
tew  exceptions,  chemical  resistance  is  good  over  a  wide 
temperature  range.  In  practice,  of  course.  Vectra  maten-  ’ 
als  should  be  checked  under  actual  use  conditions,  for 
example,  by  suspending  test  bars  m  the  process  stream 

Al  eh^fnicU  rosistanc*  data  ar»  bassd  on  avaraga  of  liv«  moidsd  ASTM 
llanaM  tast  bars  (S.O*x0.5'x0.12S'). 

EPO  RATING 

A.  Essentially  no  aftact:  Lass  than  5%  change  m  macharacal  propamas 
and  lass  than  2%  change  m  waigm  and  dimensions. 

B.  Soma  Change. 

C.  Not  Recommended 

MPE  RATING  system  as  suggested  by  Modem  Plastics  Enciyciopedia 
1986-87  page  422. 

A.  No  significant  effect;  <0.5%  &  <10%  change  weight,  itenension.  ana 
strength,  respearvely;  slight  discoloration. 

B.  Signiticam.  but  usually  not  conclusive;  0.S%-1.0%.  0.2%-a.S%.  10%- 
20%.  change  in  weight,  dimension  and  strengm  respectively;  discolored. 

C.  Usually  signilicant  >1.0%.  0.5%  &  20%  change  n  weight,  dnansion 
and  soangm,  raspactivaly:  dntoned.  wagiad.  toftanao  or  cnzM. 


Table  3.13  Chemical  Resistance  of  Vectra  Resins 
The  following  table  of  chemical  resistance  should  be  used  as  a  guide 
only.  The  data  indicate  the  test  conditions  and  resulting  ratings.  These 
conditions  represent  limits  of  test  apparatus  and  not  necessairiy  limits  of 
use.  It  IS  strongly  recommended  that  the  end  user  test  any  material  in 
the  actual  chemical  environment  or  product  stream  before  use  to 
determine  its  suitability.  Changes  in  concentratxm.  temperature, 
mixtures,  or  contaminants  can  significantly  affect  results. 
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Iladimtion  Rmmimtanem:  The  effects  of  exposing  neat 
resins.  Vectra  A950  and  B950.  to  Cobalt  60  radiation  at 
various  dosage  levels  are  shown  in  Tables  3.14  and  3.15 
Even  at  500  Mrad  exposure,  both  grades  have  excellent 
retention  of  properties. 


Table  3.14  Effect  of  Radiation  on  Mechanical  Properties  Vectra*  A950 
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Above  are  actual  data  from  one  tested  lot.  These  are  typical  values,  not  to  be  used  for  specification  purpose. 


Table  3.15  Effect  of  Radiation  on  Mechanical  Properties  Vectra*  B950 
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Above  are  actual  data  from  one  tested  lot.  These  are  typical  values,  not  to  be  used  for  specification  purpose.  ' 
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Agency  Approvals 


Underwriters  Laboratories 

Extensive  Underwriters  Laboratories  ratings  are  available 
for  Vectra  LCPs.  For  details,  please  consult  the  UL 
“Yellow  Cards."  More  current  data  are  available  through 
your  Vectra  resin  technical  representative,  in  general, 
Vectra  LCPs  with  glass  reinforcement  are  rated  UL94  V-0 
down  to  73?  in.  (0.8mm),  while  the  systems  with  mineral 
and  mixed  fillers  are  UL94  V-0  to  Vie  in.  (1.6  mm).  Glass- 
reinforced  Vectra  variants  are  recognized  with  relative 
thermal  indices  over  200°C  (see  Table  3.7  for  details). 


Military  Specifications 


Both  the  30  and  50%  glass-fiber-reinforced  Vectra  LCPs 
(i.e.,  A130,  A150,  C130.)  are  approved  under  the  U.S. 
Navy’s  Mil-M-P45l9.  GLCP-30F  cr  GLCP-50F  designa¬ 
tions. 


USP  Biocompatibility 


Vectra  B950  and  A950  meet  the  requirements  of  the  USP 
Type  VI  plastic. 


Other 


For  confirmation  on  compliance  with  other  regulatory 
classifications,  specifications,  or  categories,  please 
contact  your  Vectra  resin  technical  service  engineer. 


4.1 


Processing 


Some  General  IVecautionsySafety 


Equipment  Types 


No  particular  hazards  have  been  identified  when 
injection  molding  Vectra  materials,  provided  standard 
industry  safety  practices  are  followed.  Vectra  LCPs  are 
inherently  stable  materials.  If  heated  to  excessively  high 
temperatures,  however,  LCPs  can  decompose  and  give 
off  decomposition  products,  as  will  most  polymers.  If 
insufficient  ventilation  allows  concentrations  to  build  up, 
these  could  be  harmful.  It  is,  therefore,  recommended  that 
adequate  ventilation  be  provided. 

To  avoid  thermal  decomposition,  evolution  of  fumes, 
and  pressure  buildup  in  the  barrel,  melt  temperatures 

shnnlr^nt^exripari^^  ^  ^  Serifi.s 

and  370°C  (70Q°Ft  for  t^e  C  Series  resins.  These  tem- 
TJSrarCire^re'weTrabove  the  normal  processing  range. 
The  melt  should  not  remain  more  thanV^joy^Jja^ 
330^C{625^Rfo^he^^gl^„£jggyg^^ggiag,  or  above 
355°C(^0°F)  forthe^Series.  This  readily  permits 
temporary  machine  stoppage  for  process  adjustment.  For 
more  extended  shutdowns,  the  system  temperature 
should  be  lowered  below  260'’C  (500°F).  Other  important 
precautions  are: 

•  The  operator  should  allow  adequate  machine  heat 
up  time  for  the  barrel  to  reach  the  molding 
temperature  for  'h  hour  before  feeding  the 
pellets  or  rotating  the  screw, 

•  The  operator  should  wear  safety  eye  protection, 
especially  during  purging. 

•  The  operator  should  use  proper  gloves  and  other 
appropriate  protective  garments  for  handling  hot 
dies  and  to  prevent  molten  material  from 
contacting  the  skin. 

•  The  injection  unit  should  be  retracted  during 
shutdown  to  avoid  nozzle/sprue 
bushing  freeze-up. 


Vectra  resins  have  been  molded  without  difficulty  in  many 
different  types  of  reciprocating  screw  molding  machines. 
As  with  most  materials,  the  machine  should  be  sized  so 
that  the  shot  weight  falls  between  50%  and  75%  of  the 
machine  rating.  Small  shots  from  large  machines  should 
be  avoided  to  prevent  excessive  thermal  degradation  of 
the  polymer. 

Because  Vectra  materials  are  fast  cycling,  a  machine 
should  have  a  high  plasticating  capability  to  achieve 
optimum  cycle  times.  Although  screw  design  is  not  critical 
for  Vectra  resins,  some  general  characteristics  are 
preferred: 

1 .  A  long  feed  section  with  deep  flights 
(approximately  16  to  16  the  screw  length). 

2.  A  short  transition  zone  (less  than  Va  of  the 
screw  length). 

3.  A  fairly  high  compression  ratio  (at  least  3:1 )  to 
provide  good  mechanical  working. 

All  grades  of  Vectra  LCPs  have  low  melt  viscosity  so 
clamp  forces  of  at  least  1.5-  2.5  tons  per  projected 
square  inch  of  cavity  area  are  recommended  to  prevent 
flashing.  A  properly  functioning  check  ring  on  the  screw 
is  a  necessity.  It  should  be  checked  periodically  by 
making  sure  the  cushion  is  maintained  at  the  end  of  each 
shot.  Malfunctioning  check  rings  usually  result  in  variable 
and  fjartlafly  filled  parts. 

Conventional  free-flow  type  nozzles  work  well  and  are 
commonly  used  for  Vectra  resins.  Small  orifice  diameters 
or  nylon  type  nozzles  with  a  back  taper  are  advantageous 
in  controlling  drooling.  Nozzles  should  be  as  short  as 
possible  and  have  a  heating  band  with  an  independent 
controller.  If  drooling  or  stringing  occurs,  reducing  the 
rrozzle  temperature  usually  alleviates  the  problem. 


Material  Safety  Data  Sheets  (MSOS)  are  available  for  all 
Vectra  resin  formulations.  These  should  be  consulted  for 
further  details  regarding  specific  compounds. 


storage 


Vectra  resin  is  shipped  predried  and  packaged  in  mois¬ 
ture-resistant  containers.  Resin  should  be  stored  on 
pallets  in  a  dry  place  where  the  container  will  not  be 
damaged.  Open  containers  should  be  resealed  immedi¬ 
ately  to  avoid  contamination  and  minimize  moisture 
pickup.  If  the  container  has  been  previously  opened, 
Vectra  resins  should  be  redried  before  molding. 

Drying  Conditions  _ 


Although  Vectra  LCPs  do  not  absorb  high  percentages  of 
moisture  (Table  5.1),  it  is  recommended  that  exposure  to 
ambient  air  be  kept  to  a  minimum, 

Vectra  resin  and  regrind  should  be  dried"  before  mold¬ 
ing.  This  reduces  the  possibility  of  hydrolytic  degradation. 
The  following  procedure  produces  an  acceptable  mois¬ 
ture  level: 

•  Using  a  dehumidifying  air  drier 

(hopper  or  tray)  or  vacuum  drier,  dry  the  resin 
at  150  -  163”C  (300  -  325'“F)  for  no  less 
than  4  hours  (allow  time  for  the  pellets 
to  heat  up). 

•  The  dewpoint  of  the  air  should  be  at  or  below 
0°C(32“F). 

•  To  limit  moisture  regain,  a  hopper  drier  is  pre¬ 
ferred  during  processing.  An  acceptable 
alternate  is  a  closed  hopper  purged  with 

dry  inert  gas. 

•  Longer  periods  of  drying,  up  to  24  -  36  hours, 
do  not  damage  the  resin. 


Table  5.1  Equilibrium  Moisture  Contertt  ot  Unfilled 
Vectra  Resin 


Exposed  al  50%  RH  @  73“F  (23"C)  •  •  -  — - 

^  •  _A950  J  -i 

'B950 

,;,v0.01% 

"  .'  0.04% 

^lOOppm)  «  * 
J^(400ppm)  LLrj 

Molding  Techniques 


Vhen  switching  to  LCP  from  another  material,  Vectra 
.naterials  may  be  introduced  directly  to  the  molding 
machine  cylinder  behind  other  polymers,  provided  the 
irevious  material  is  a  low-viscosity  resin  and  is  stable  at 
ecfa  resin  processing  temperatures  If  it  is  not,  or  if  it 
has  a  very  high  viscosity  and  may  be  difficult  to  purge,  it 
r  suggested  that  polypropylene  or  high-density  polyethyl- 
ne  be  used  first  to  purge  the  material  and  then  set 
temperatures  for  molding  the  LCP  When  the  cylinder  is  at 
temperature.  Vectra  resins  can  be  fed  to  the  machine, 


and  molding  may  begin  when  it  is  flowing  cleanly  from  • 
the  nozzle 

Different  grades  of  Vectra  resm  car.  be  molded  by 
using  one  grade  to  purge  another  without  an  intermediate 
polymer.  Again,  whervthe  new  material  is  flowing  cleanly, 
molding  may  start. 

Molding  Conditions 


The  conditions  required  to  mold  satisfactory  parts  ot 
Vectra  LCPs  vary,  depending  on  the  part  design,  the 
mold,  the  machine,  and  the  specific  Vectra  compound 
being  molded. 

Typical  settings,  which  may  be  used  as  a  guide  for 
starting  a  molding  cycle,  appear  m  Table  5.2.  Stock 
temperatures  should  be  checked  with  a  pyrometer  to 
ensure  that  the  melt  temperature  is  in  the  desired  range 
After  the  molding  machine  has  been  on  cycle  for  at  least 
5  minutes,  the  barrel  should  be  retracted  and  a  single 
purge  shot  made.  The  temperature  of  the  polymer  may  be 
measured  with  a  pyrometer  with  a  fast-response  needle 
probe. 

Measuring  the  melt  temperature  from  a  machine  that 
has  not  been  on  cycle  tends  to  result  in  misleading 
measurements.  Temperatures  should  be  carefully  ad¬ 
justed  to  stay  within  the  ranges  recommended  in 
Table  5.2. 

The  molding  machine  should  be  sized  so  that  the  shot 
weight  falls  between  50%  -  75%  of  the  machine  rating, 
including  allowance  for  about  a  '/s  in.  cushion. 

.f  molded  parts  will  be  exposed  to  temperatures  above 
215“C  (420®F),  such  as  electronic  components  in  vapor- 
phase  or  infrared  reflow  soldering,  it  is  critical  that  Vectra 
LCPs  not  be  overheated  during  processing.  For  optimum 
performance,  the  melt  temperatures  should  be  at  or  below 
the  recommended  stock  temperature  and  the  melt 
residence  time  minimized  to  about  3  minutes  or  less. 
Suck-back  or  decompression  is  not  recommended. 

If  the  molded  parts  will  not  be  exposed  to  high  tempera¬ 
tures,  the  melt  temperatures  can  be  raised  for  easier 
filling,  better  weld  line  strength,  and  improved  surface 
finish. 


Table  5.2  Typical  Temperature  Settings 


Cylinder 

Vectra 

A  Senes  ' 

veara 

B  Senes 

Vectra 

C  Senes 

^54S"F-,S 

T(285*C)  F- 

Tsss-f  . 

(zgo'C)  . 

.jjF570"F.:^ 

5E-600^-^ 

■C(32«rc)  i 

'trsosT'S 
r'(32(rc)  - 

.'-eos'F 
/{320'C)  , 

^M'F 
^AZC<”C)  - 

'  Stock 

;;JK57irF;iW 

^S7<rf  « 
;,(300*C)  ^ 

.  SSS'F  ^ 

,  J290°C) 

. 
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Note  For  tormulations  olher  than  me  Vectra  A.  B  and  C  Senes  please 
consult  a  Vectra  technical  representative 
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Mold  Tomporaturos:  Vectra  materials  mold  well  over 
a  wide  range  of  mold  temperature^  Generally,  molding  is 
conducted  with  mold  temperatures  between  30®C  and 
150°C  (85°F  and  300°F).  with  temperatures  of  80  -  1 1CC 
(175  -  230°F)  being  most  common.  Hot  water  temperature 
control  is  generally  satisfactory. 

Injmetion  Pressure:  The  optimum  injection  pressure 
varies  with  the  specific  resm  formulations  as  well  as  part 
design,  mold  design,  and  other  machine  settings.  All 
Vectra  LCP  formulations  have  low  viscosities  and  gener¬ 
ally  require  pressures  much  lower  than  those  of  other 
thermoplastic  materials.  Typically,  injection  pressures  are 
about  half  those  of  comparably  filled  semicrystalline 
resins  (PBT.  PET,  and  PPS).  It  is  suggested  that  molding 
be  initiated  by  using  a  very  low  pressure.  This  reduces 
the  possibility  of  the  first  part  sticking  in  the  mold.  Most 
moldings  have  utilized  pressures  on  the  material  of 
between  1000  and  5000  psi.  If  necessary  the  injection 
pressures  can  be  increased  gradually.  To  fill  very  thin 
sections,  the  injection  rate  can  be  increased  to  shear  thin 
the  melt  viscosity. 

Cyelo  Tintos:  Cycle  times  depend  on  the  size,  shape, 
wall  thickness,  and  complexity  of  the  molded  part,  as  well 
as  the  machine  settings  and  mold  design.  In  addition  to 
low  melt  viscosity,  all  Vectra  LCP  grades  have  a  low  heat 
of  fusion  and  a  high  thermal  conductivity.  This  results  in 
unusually  fast  cycle  times.  Cycle  times  are  about  half 
those  of  semicrystalline  resins  (PBT,  PET,  PPS). 

Screw  Speed;  Screw  speed  should  be  adjusted  so  that 
the  screw  finishes  retracting  1  -  2  seconds  before  the 
mold  opens.  Typical  screw  speeds  are  in  the  moderate 
range,  with  slower  speeds  preferred  for  fiber-reinforced 
grades. 

Back  Pressure:  Back  pressure  on  the  screw  is  normally 
not  needed  and  should  be  kept  at  zero  or  the  minimum. 
This  IS  especially  important  to  minimize  excessive  shear 
and  fiber  breakage  with  fiber-reinforced  grades. 

Screw  Decompression:  Screw  decompression  is 
generally  not  recommended,  provided  temperatures  are 
within  the  range  suggested  in  Table  5.2,  and  the  material 
is  thoroughly  dried  If  nozzle  temperature  control  does  not 
reduce  drool,  then  change  to  a  nozzle  type  recom¬ 
mended  in  the  equipment  types  section.  If  screw  decom¬ 
pression  becomes  necessary,  it  should  be  set  to  a 
mimimum  Excessive  decompression  can  pull  air  into  the 
nozzle  and  result  in  splay  marks  or  blisters  on  the  surface 
of  molded  parts. 


Shutting  Dowif  a  Machine:  After  molding  Vectra 
compounds,  the  machine  should  be  shut  down  with  an . 
empty  barrel.  If  Vectra  material  is  to  be  used  when  the 
machine  is  reheated,  it  is  not  necessary  to  purge  with 
another  material.  If  a  different  polymer  is  to  be  molded  on 
reheating,  the  Vectra  resin  should  be  purged  with  polypro¬ 
pylene  or  high-density  polyethylene  before  turning  off  the 
cylinder  heaters.  In  either  case  the  barrel  should  be 
emptied  completely  before  shutting  off  the  heaters  prior  to 
machine  shutdown. 


Regrind 

When  recommended  molding  conditions  are  used,  Vectra 
resins  have  excellent  thermal  stability. 

In  a  laboratory  study.  Vectra  resins  retained  80  -100% 
of  their  strength  and  modulus  after  the  fifth  molding,  using 
100%  regnnd.  Unfilled  grades  retained  full  notched  Izod 
impact  strength,  but  glass  fiber  reinforced  grades 
showed  reduced  impact  strength  due  to  fiber  breakage 
during  processing  (Table  5.3).  A  slight  darkening  of  color 
has  been  observed  after  repeated  moldings. 

Though  there  is  little  change  in  properties  after  five 
moldings  of  100%  regnnd,  it  is  suggested  that  regnnd  be 
limited  initially  to  25%  to  maintain  color  uniformity  and 
optimum  mechanical  properties.  A  level  of  50%  or  more 
regrind  may  be  acceptable,  but  parts  should  be  tested  to 
ensure  satisfactory  performance. 

Conventional  plastics  granulators  are  suitable  for 
regrinding  Vectra  LCPs.  The  blades  should  be  sharp  and 
set  for  the  closest  practical  clearance.  The  screen  hole 
size  should  be  as  large  as  practical.  For  best  results,  the 
sprues,  runners,  etc.  should  be  fed  to  the  grinder  while 
still  hot  —  right  out  of  the  mold.  Regrind  should  be  dried 
prior  to  molding.  For  more  specific  recommendations, 
consult  your  Vectra*resin  technical  service  representa¬ 
tive. 


Table  5.3 

%  Property  Retention  of  Vectra  Resins  after  Fifth  Molding’ 


’Each  molding  I00%ragniid 


Part  Design 


In  most  cases,  designers  and  molders  specify  Vectra  shrinkage.  Ribs  may  be  higher  on  parts  where  shrinkage 


materials  for  their  excellent  dimensionial  stability  and 
mechanical  toughness  with  a  broad  processing  window. 
Part  design  is  the  key  consideration  in  optimizing  both 
processing  latitude  and  part  performance.  In  general,  all 
of  the  standard  recommendations  for  good  design  of 
plastic  parts  are  applicable  when  designing  with  Vectra 
LCPs.  For  instance,  parts  should-  be  designed  —  and 
molds  constructed  to  provide  smooth,  uniform  flow  of  the 
polymer  melt.  In  addition,  the  part  design  musf  control 
the  resin's  anisotropic  properties  —  a  fact  that  presents 
both  opportunities  and  challenges.  The  direction  of 
material  flow  in  the  mold  influences  mechanical  proper¬ 
ties  of  the  molded  parts.  Thus,  there  is  a  strong  link 
between  part  design,  performance  and  end-use  require¬ 
ments. 

Shrinkagm:  A  number  of  factors  affect  shrinkage  The 
most  important  is  orientation  of  the  polymer  due  to  part 
design  and  gate  location.  Thicker  sections  shrink  more, 
especially  in  the  transverse  direction.  The  effects  of  melt 
and  mold  temperature,  injection  pressure  and  rate  are 
modest  relative  to  other  polymers.  Some  typical  shrink¬ 
age  values  are  shown  in  Table  6.1. 

Warpmga:  Smooth,  uniform  flow  of  the  polymer  melt  is 
crucial  to  controlling  warpage.  Wall  sections  should  be 
as  uniform  as  possible  since  parts  are  subject  to  warping 
if  there  is  a  heavy  wall  on  one  side  and  a  thin  one 
opposite.  As  one  would  expect,  there  is  very  little 
warpage  when  parts  are  designed  so  that  the  resin  flows 
evenly  from  one  end  to  the  other  in  a  continuous,  longitu¬ 
dinal  path  without  weld  lines 

Ribs,  Comers,  and  Radii:  Ribs  designed  into  the 
sides  of  parts  are  an  excellent  means  for  reinforcing  wail 
sections.  At  the  same  time  however,  they  can  disrupt  the 
polymer  flow  in  the  mold,  creating  warpage  or  unex¬ 
pected  weld  lines.  When  flow  is  in  the  same  direction  as 
the  rib,  the  rib  may  be  quite  thick — 100%  of  the  thickness 
of  the  adjoining  wall  at  the  root.  The  polymer  flows 
through  the  rib  and  wall  in  the  same  direction.  When  flow 
is  perpendicular  to  the  rib.  the  rib  thickness  should  be 
less  than  the  nominal  wall.  If  not,  the  resin  may  then  flow 
through  the  wall  in  one  direction,  then  turn  and  flow  down 
the  rib.  Should  this  occur,  the  result  can  be  knit  lines  or 
warpage  induced  by  differential  shrinkage.  Minimal 
warpage  is  attainable  when  the  ribs  are  balanced  on 
both  sides  of  a  part. 

As  a  rule,  rib  height  should  be  limited  to  double  the 
adjoining  wall  thickness  in  order  to  minimize  distortion  by 


is  of  less  concern. 

Thick  ribs  should  be  joined  to  the  wall  by  fairly  small 
radii:  no  more  than  10  -  20%  of  the  adjoining  no  thick¬ 
ness  is  recommended.  Larger  radii  may  cause  the 
transition  area  to  act  as  secondary  runners,  causing  the 
polymer  flow  to  separate  during  cavity  filling.  Undesirable 
weld  lines  or  back-filling  may  result. 

One  of  the  noteworthy  features  of  LCPs  is  their  layered 
structure  formed  when  the  material  flows.  The  outer 
layers  are  composed  of  highly  oriented  molecules.  This 
orientation  of  the  molecules  tends  to  follow  the  contour  of 
corners  in  the  part  and  provides  reinforcement.  Result: 
parts  molded  from  Vectra  resms  tend  to  be  significantly 
less  notch  sensitive  than  those  made  of  other  plastic 
materials.  Naturally,  designing  generous  radii  is  still  good 
practice  (to  avoid  excessive  stress  concentration)  except 


Table  6.1  Approximate  Mold  Shrinkage 
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when  it  might.credte'a  secondary  runner:  A  satisfactory 
“rule  of  thumb"  is  an  inside  radius  of  0.5'times  the  nominal 
wall  thickness  and  an  outside  radius  of  1 .5  times  the 
adjoining  nominal  wall  thickness. 

Knit  Un»s:  Knit  lines  are  the  joint  produced  when 
independent  melt  fronts  meet  during  injection.  They  are  a 
potential  problem  in  any  fiber  reinforced  plastic  due  to  the 
difficulty  of  mixing  and  orienting  fibers  across  the  inter¬ 
face.  In  an  LCP,  the  rigid  polymer  chains  also  ant  like  a 
fiber  reinforcement:  thus,  knit  line  considerations  are 
particularly  important  in  the  design. 

For  maximum  strength,  part  design  should  avoid  knit 
lines  altogether.  When  knit' lines  are  unavoidable,  the  part 
design  should  manipulate  flow  to  improve,performance. 

To  direct  flow,  the  designer  should  locate  the  gate 
carefully  and  adjust  wall  thicknesses.  The  melt  tends  to 
fill  thick  areas  first  —  then  to  fill  thin  areas.  The  designer, 
therefore,  may  reduce  wall  thickness  to  retard  filling  in 
one  area  or  increase  it  to  act  as  a  "flow-leader"  in  another. 

These  methods  can  modify  flow  to  control  the  location 
and  type  of  knit  lines.  Knit  lines  should  be  directed  to 
areas  of  low  stress  such  as  a  rib  or  thicker  or  wider 
section.  Avoid  butt  knit  lines  formed  where  two  flow  fronts 
hit  head-on  and  stop.  If  flow  continues  after  the  melt 
fronts  meet,  they  can  "meld”  or  mix  and  continue  as  a 
single  front.  An  overflow  well  or  tab  may  be  added  to  the 
part  edge  at  the  knit  line  to  improve  an  existing  mold 
where  part  geometry  cannot  be  changed.  The  overflow 
tab  is  then  cut  from  the  part  and  treated  like  sprues  and 
runners. 


Wall  Thickness  (mm.) 

0.125  0.25  0.375  0.50 

1C  I  I  I  ]  1  1 375 


0.005  0.010  0.015  0.020 

Wall  Thickness  (in.) 


Meli  Temperature  —  320  °  C  (608“  F) 

Mold  Temperature  —  100  °  C  (212°  F) 

Figure  6.1  Nominal  Wall  Thickness  vs.  Flow  Length 
(Actual  Pans.  Vectra"  Cl 30) 


Figur*  6.2  Fan  Gate 


FigiMr*6.3  Submarine  Gate 


Gating:  Because  Vectra  LCPs  have  such  excellent  flow 
characteristics,  they  fill  mold  cavities  with  much  less 
injection  pressure  than  most  other  polymers.  Seldom  is 
more  than  one  gate  required  for  filling;  this  means  that 
gates  can  be  located  to  take  advantage  of  the  polymer's 
orientation,  rather  than  having  their  location  dictated  by 
flow  limitations.  Of  course,  a  single  gate  is  beneficial  to 
minimize  the  number  of  weld  lines  and  to  provide  continu¬ 
ous  orientation  from  one  end  to  the  other.  The  maximum 
recommended  flow  length  in  a  part  depends  on  geome¬ 
try,  mold  design,  processing  conditions,  and  the  grade  of 
Vectra  LCP  A  graph  of  the  flow  length  that  we  consider 
practical  for  Vectra  Cl 30  is  given  in  Figure  6.1. 

Gate  Dnmign:  Jetting  is  a  phenomenon  that  results 
when  plastic  flows  through  a  gate  and  into  a  cavity 
without  sticking  to  the  mold  walls.  It  produces  a  ropelike 
flow,  or  “jet,"  which  is  then  compressed  in  the  part. 

Ideally,  of  course,  the  polymer  should  form  a  uniform  flow 
front  that  fills  the  cavity  smoothly.  However,  all  plastics 
are  subject  to  jetting  and  the  techniques  for  controlling  it 
are  well  known.  Liquid  crystal  polymers  have  very  little  die 
swell  when  exiting  a  gate  and,  thus,  are  more  prone  to 
jetting  than  many  other  thermoplastics. 
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Techniques  for  controlling  jetting  are  similar  for  all 
plastics.  Edge  gates  should  be  large,  generally  100%  of 
the  wall  thickness.  For  three-plate  molds,  tunnel  gates, 
and  some  edge  gates,  a  smaller  gate  is  practical — and 
sometimes  necessary  for  a  clean  break— provided  that 
the  flow  is  directed  against  a  core  or  cavity  wall  to  control 
the  jetting  and  force  a  uniform  flow  to  develop. 

In  most  cases,  all  standard  methods  of  gating  work  well 
with  Vectra  resins,  orovided  that  knit  lines  and  jetting  are 
controlled  by  design.  It  should  be  kept  in  mind  that  LCPs 
are  anisotropic  and  are  stronger  in  the  flow  direction  than 
the  transverse  direction.  For  this  reason,  tunnel  gates 
should  be  located  in  the  ejector  side  of  the  mold  to  push, 
rather  than  pull,  the  gate  and  runners  from  the  mold.  On 
three  plate  molds,  gate  diameters'should  be  between 
20%  and  50%  of  the  wall  thickness  to  ensure  that  the  gate 
breaks  easily  Figures  6.2  and  6.3  illustrate  some  gate 
designs  found  to  work  well. 

Fan  gates  have  been  found  to  be  very  useful  for  flat 
parts  as  a  means  to  obtain  easy  fill  and  control  orienta¬ 
tion. 

Circular  parts  should  be  center  gated  with  a  sprue  or 
diaphragm  gate  to  provide  uniform  flow  without  weld 
lines. 


Vents:  The  low  viscosity  of  Vectra  materials  dictates  that 
shallow  vents  be  used  A  depth  of  0  0005  -  0.001  in. 

(0.01  -  0.025  mm)  is  suggested. 

Vents  should  be  located  in  ail  sections  of  the  mold 
where  air  may  become  trapped  by  the  molten  plastic.  It  is 
desirable  to  incorporate  vents  in  many  other  areas  as 
well,  so  all  the  air  is  not  forced  through  a  single  small 
opening. 


Draft  Angles:  LCPs  exhibit  very  low  shrinkage  along 
with  unusually  high  stiffness  Consequently,  they  typically 
eject  easily  from  most  cores  Parts  have  been  molded 
with  well-polished  cores  up  to  16  in,  m  length  without  any 
draft.  Even  so,  molding  parts  without  draft  should  be 
considered  only  when  there  are  no  alternate  options.  A 
draft  angle  of  '  m  to  ’'a  degree  per  side  is  suggested, 
however  a  draft  angle  of  ’'2  degree  per  side  is  preferred. 

The  same  factors  that  allow  molding  of  LCPs  with  mini¬ 
mal  draft  may  result  in  parts  sticking  in  the  mold  if  there 
are  slight  undercuts  or  rough  areas.  With  some  grades  of 
Vectra  resin,  a  near-zero  flow-direction  shrinkage  can 
cause  sticking  on  the  cavity  side  of  the  mold  ra'her  than 
the  core.  Users  should  consult  a  Vectra  resin  technical 
specialist  for  recommendations  on  shrinkage  allowance 
for  the  specific  grade  of  material  being  considered  and 
for  the  part  geometry  Occasionally,  a  core  may  need  to 
be  roughened  to  pull  the  part  from  the  cavity. 


Mold  Materials:  Vectra  resins  have  been  found  to  be 
noncorrosive  to  molds,  and  all  standard  materials  of  mold 
construction' are  suitable. 

Some  filler^  arid  reinforcements  may  be  abrasive  and 
tool  steels  should  .be  selected  and  hardened  as  for  other 
polymer  systems  containing  similar  additives.  It  is  good 
practice  to  make  high-wear  components  as  replaceable 
segments,  e.g.,  "sub"  gates  and  cores  behind  a  gate. 


6.3 


Finishing  Operations 


Machining 


Although  the  usual  goal  of  designers  is  to  produce  plastic 
parts  that  can  be  used  directly  from  the  mold,  there  are 
times  when  it's  advantageous  to  machine  some  dimen¬ 
sions — perhaps  to  avoid  a  complex  mold  configuration, 
to  achieve  particularly  tight  tolerance  or  to  avoid  knit  lines 
in  critical  areas.  Parts  molded  from  Vectra  LCPs  machine 
easily  when  the  following  practices  are  used: 

1 .  Use  sharp  tools. 

2.  Provide  adequate  cooling. 

3  Allow  enough  chip  clearance. 

4.  Support  the  work  properly. 

With  Vectra  resins,  the  stiffness,  high  thermal  conductiv¬ 
ity,  and  low  coefficients  of  friction  promote  good  machin- 
ability.  Vectra  resins  are  thermoplastic  and  will  melt  if  the 
machining  operations  generate  too  much  frictional  heat. 


Prototype  Machining:  Part  properties  of  Vectra 
materials  depend  on  the  molecular  orientation  created  by 
gating,  mold  design,  and  molding  conditions.  Extra  care 
should  be  taken  when  machining  prototypes  for  evalua¬ 
tion.  A  prototype  may  not  have  the  same  orientation  as 
the  final  molded  part,  and  therefore,  mechanical,  electri¬ 
cal.  and  other  properties  may  not  necessarily  be  identi¬ 
cal.  In  general,  prototypes  should  be  molded  to  the  final 
geometry  rather  than  machined  from  bulk  stock.  Surface 
layer  properties  of  most  polymers,  including  LCPs,  are 
different  from  their  core  properties.  If  machining  is 
unavoidable,  one  should  remove  as  little  surface  material 
as  possible  If  the  design  includes  motded-in  holes, 
drilling  these  holes  in  a  prototype  makes  it  impossible  to 
evaluate  the  effect  of  weld  lines  in  the  production  part. 

Tooling:  Dull  tools  tend  to  scrape  rather  than  cut, 
yielding  a  poor  surface  finish  and  generating  excess  heat 
in  the  process.  The  best  surface  finishes  are  obtained 
with  sharp  tools,  high  tool  speeds,  and  slow  feed  rates. 
Both  machining  speed  and  the  feed  rate  should  be 
uniform  and  uninterrupted.  Cooling  allows  higher  cutting 
speeds,  especially  on  heavy  cuts.  Normally,  an  air  jet  is 
sufficient,  but  liquids  may  also  be  used.  Vectra  materials 
are  not  attacked,  crazed,  dissolved,  or  softened  by  any  of 
the  conventional  cutting  fluids 


In  addition  to  having  sharp  cutting  edges,  there  must  be 
adequate  clearance  for  chips.  This  eliminates  problems 
with  clogging  and  interference  with  the  cutting  operation, 
vyhen  there  is  a  choice  in  tool  selection,  the  machinist 
should  pick  one  offering  the  greatest  chip  clearance,  for 
example,  drills  with  wide  flute  areas  or  saw  blades  with 
deep  gullets.  Unlike  some  plastics,  Vectra  resins  contain¬ 
ing  abrasive  fillers  such  as  mineral,  glass,  or  carbon 
fibers  can  be  machined  with  standard  high-speed  steel 
tools,  though  carbide  tools  prolong  tooling  life  during 
extended  production  runs. 

Turning:  Vectra  LCPs  are  easily  turned  on  a  lathe.  Tool 
bits  must  be  sharp  and  should  provide  a  rake  angle  of  5  - 
15°  with  front  and  side  clearance  angles  of  15  -  0°  A  tip 
radius  of  at  least  ''le  in.  should  be  used  for  smooth  finish 
cuts.  Feed  rates  and  cutting  speeds  for  turning  depend 
primarily  on  th,-  nature  of  the  cut  and  the  desired  finish. 
Roughing  cuts  may  be  made  at  the  highest  feasible  rates 
without  excessive  heat  buildup  For  most  work  a  periph¬ 
eral  part  speed  of  60  ft./min,  is  reasonable.  Of  course,  a 
smooth  finish  cut  calls  for  a  somewhat  higher  turning 
speed  and  slower  feed  rate.  As  a  guideline,  a  in. 
diameter  rod  turned  with  a  ’'le  in.  tool  tip  radius  at  1000 
rpm  and  a  0.0017  in./rev.  feed  advance  has  an  excellent 
surface  finish. 

Milling  and  Drilling:  Standard  helical-type  milling 
cutters  are  satisfactory.  Two-flute  end  milts  are  preferred 
for  greater  chip  clearance.  Using  the  suggested  tool 
speeds  listed  in  Table  7.1,  Vectra  materials  can  be  cut 
without  a  coolant.  An  air  jet  may  be  desirable  to  keep 
chips  from  clogging  the  flutes.  Feed  rates  should  be 
adjusted  to  obtain  the  desired  finish 
For  drilling,  standard  high-speed  twist  drills  are  best  for 
all  Vectra  resin  formulations.  While  special  slow-spiral 
drills  are  available,  they  offer  no  advantages  over  stan¬ 
dard  drills  designed  for  metals.  Occasionally,  burring  may 
occur.  This  can  be  eliminated  by  clamping  dummy  pieces 
of  plastic  above  and  below  the  work.  In  any  case,  the 
work  should  be  firmly  supported  and  securely  held  For 
deep  holes,  the  drill  should  be  raised  frequently  (about 
every  Vt  in.  of  depth)  to  clear  the  drill  and  hole  of  chips. 

A  jet  of  compressed  air  helps  to  disperse  chips 
and  cool  the  drill. 
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Table  7.1  Suggested  Oritl  and  Milling  Tool  Speeds 
(Part  thicknesses  up  to  Vi  in.) 


VTooI  Diameter 
-T--  (,n.) 

c  Unfilled  Resins  neiiilinuiU  Resins^ 

“'A 

»gy200Q" 

.L-Tieoo 

■s3S?v1000 

Thraading  and  Tapping:  Threads  may  be  readily  cut 
on  a  lathe  using  the  tool  and  cutting  conditions  previously 
outlined  Conventional  ^aps  and  dies  may  be  used  with 
good  results  These  may  be  threaded  either  by  hand  or 
by  machine:  use  gun-nose  taps  when  machine  tapping  ^ 
speed  of  about  180  rpm  is  suggested  for  sizes  from  10  - 
24  through  ^8-  16,  4  special  tap  for  plastics,  with  two 
flutes,  IS  available  and  offers  some  advantages  in  greater 
c;  lip  clearance  but  it  is  not  essential  for  satisfactory 
results. 

Sawing:  Vectra  resms  may  be  sawed  with  almost  any 
type  of  saw.  To  prevent  binding  of  the  blade,  however,  the 
saw  teeth  should  have  some  degree  of  set,  at  least  0  005 
m  offset  per  side  Coarse  teeth  and  extra  wide  gullets  for 
chip  clearance  are  desirable  for  rapid  cutting  while  a 
finer  blade  gives  a  smoother  edge.  In  general,  aie  blade 
should  have  at  least  two  teeth  per  part  thickness;  that  is,  a 
part  ’/e  in.  thick  should  be  sawed  with  a  blade  having  16 
teeth  per  mch  Banasaw  •  '■  nives  a  good  finish  cut 
without  cooling,  using  a  blade  speed  of  4000  ft./  min. 
when  the  pan  is  less  than  '/« in,  thick  and  the  blade 
contains  two  teeth  per  thickness. 

Some  Precautions:  No  unusual  hazards  have  been 
identified  when  machining  Vectra  materials,  provided 
standard  industry  safety  practices  are  followed,  including 
the  use  of 

•  Appropriate  safely  eye  protection  to  keep 
panicles  from  entering  the  eyes 

•  Proper  protective  garments  to  prevent  exposing 
the  skin  to  resin  particles. 

•  Wet  machining  techniques  or  controlled 
ventilation  to  minimize  generation  of  dust  and 
particles  Where  such  controls  are  inadequate  to 
maintain  dust  levels  below  recommended 
exposure  levels,  it  is  recommended  that  a  properly 
fitted  NIOSH  approved  respirator  be  used. 

Material  Safety  Data  Sheets  are  available  for  all  Vectra 
resin  proaucts  and  should  be  consulted  for  further  details 
regarding  specific  hazards  and  precautions. 


Adhesives 


Parts  riiOlded  from  Vectra  lCPs  can  be  effectively 
bonded  by  using  commercial  adhesives.  In  most  cases, 
the  bond  strengths  with  unmodified  surfaces  are  more 
than  adequate  for  product  assembly.  When  necessary, 
bond  strength  can  be  enhanced  by  surface  treatments 
that  improve  wetting  for  instance,  lignt  sanding,  grit 
blasting,  or  Chromerge*  acid  etching  Oxygen  plasma 
f  ting  can  be  highly  effective,  provided  bonding  takes 
place  while  the  surface  is  still  active 

As  with  any  molded  plastic  part,  optimum  adhes’on  is 
obtained  when  the  surfaces  are  cle^n,  the  adhesive  is 
fresh,  and  the  application  procedure  supplied  by  the 
adhesive  manu  -..jturer  is  followed  carefully  Do  not  use  a 
mold  release;  it  will  interfere  with  gixid  adhesion  Sur¬ 
faces  to  be  bonded  should  not  be  touched  after  cleaning, 
since  an  oil  film  may  be  left  behind 

Some  grades  of  Vectra  LCPs  provide  greater  bond 
strength  than  others  As  a  general  rule,  fillecJ  and  rein¬ 
forced  grades  have  surfaces  that  give  greater  bond 
strengths  than  unfilled  grades  Your  Vectra  resin  tocnm- 
cal  service  engineer  can  assist  in  selecting  a  suitable 
material  for  optimum  adhesion 

Tables  7  2,  7  3.  and  7  4  list  typical  lap  shear  strengths 
(ASTM  D3163)  obtained  with  various  adhesives  at  three 
temperatures.  Table  7  5  contains  a  .epresentative  list  of 
aciiesives  and  then  manufacturers  Before  specifying 
these  or  any  other  adhesive,  the  user  should  make 
certain  that  all  mechanical,  thermal,  electrical,  chemical, 
and  other  properties  of  the  adhesive  are  suitable  for  the 
applications  and  that  these  adhesives  are  still  current 
products  Improved  versions  may  be  available  from  their 
manufacturers. 


Wanting:  Chromerge  *  is  a  verv  strong  oxidizing  acid 
that  can  cause  severe  irnta'.on  burns,  and  pain  It  should 
only  be  used  'n  accordance  with  the  supplier  s  instruc¬ 
tions  Consult  the  manu*c,.iurer  s  MGDS  for  complete 
data 

•  Hegtsiefed  i^aaemark  ot  me  Ptshe?  Sc»ef^\»1ic  Co 


Etching  Acid 

Chromerge' 

Wisher'  .Soentific 

50  Faclem  Road 
^ringlietd,  Vt  07081 
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Table  7^  Lap  Shear  Strength  Values.  Tested  ai  22“C  (72'’F)  Table  7.5 -Adhesives  lor  Bondirig  Vgctra' LCP  Resms 


.  Range  ot  Values.  .^i^Average  Vakies.. 

.'^dlBgr’psi 


Adhes.ve  Type 


A$  Molded/  As  Molded/. 

Surface  Treated'  Surface  Treated" 


.^PaitEpoi^gge  t-‘4p-r.ooo/8oo-2.ioo  igt3Q(rapi 

■S Part 


.Cvanoacfviale  *^Wtr4g3Q0-7QQ/SQ0-t.Q00 


500AB00  d 


Scotchw^  iibottB^iOiijv 

i^1838  A/B  ■  Coatings  and  Sealan  DivisianT!iw 

Scotcftwetd- ^.■p£v?|pg!;-223-ln.  3M  Conlerjggg^ggn 
EU9323  a/A^f?^^**^!"iSt.  Paul,  MN  55144®^^*f 
Scotcnweid*  "t.  *  ^  J 

1tlXA3568B/A 


REN*  DA-556 


J'  REN  Plastics  ' 
?J491 7  Dawn  Avi 
E.  Lansing,  Ml 


-ZPartA^ic  50^0a'M0-80(^.  yi^450  /70o!^pj 


'Ligni  sanoing/gni  tuasiing  ana  solvent  wasn 


Table  7.3  Lap  Shear  Strength  Values.Tested  at  lOO'C  (212“F) 
'•■  Range  of  Values,  I  -.«Wverage  Values, 


Adhesive  T ype 


'.r.psi 

As  Molded 
Surface  Treated* 


,1^--  v'.  ■  psi 

As  Molded/ 
Surface  T reated* 


2  Part  Epoxy  ,■>  if  :“150-3OO/t5CMOO  —  .200/300 

'iv  ’ic  r 


fITPart  Epoxy  ^ 

Cyanoacrylate.  -  ^  ” 


00-700/250-800  ' 

TAvi!?::' 


300/300-500 


-«500  /  600 


:  T300  /  400  '1 


J-  .  ^  St-  iL.  ■  '  rli-.  ., 

2  Part  Acrylic  r .  r-  i-1 00-200/200-300  - 1 50  /  250  f 


•Ligni  saoainggnt  Oiasimg  ana  solvent  wasn 


•■&••«.■■  -  Sir 
ri.  -150  /  250  f 


Table  7.4  Lap  Shear  Strength  Values.  Tested  at  150°C  (SO^F) 

-i- -•  i  ;  Range  of  Values,  ^Average  Valu^  ^,^.4 

?  'T/-  :---  Psi  --'-i*..-  -a^JrfS-psif^^-^ 

As  Molded 
Surface  Treated’ 


Adhesive  Type 


2  Part  Epoxy  S-  ^  -'.Mf 00-200/1 00-200  ~ 


..f  •-  •*-  jiA.' 

^  Part  Epoxy  /  - 

?■  I- 

Cyanoacrylate  '  '% 


As  Molded' 
Surface  Treated* 


?:j300/ 150--«^ 
j..  •  v.^y.2ji= ,  i 


•100-300/100-300  . 


;.  25-50.'£0-100  ■“ 


4'  .-'200  /  200 

^  i^rV. 

T'  *'^"25  / 100  ‘T**i 


FUSOR^  31 0  Lord  Corporation 

W.  Grandview  BfvdL 


CYBOND*1110  ;..  ■:  Amencan  Cyanamid  Co^ 

Havre  De  Grace  ■ 

5  min  Epoxy  .^^^^^Te^armer 

i  •?^  'iS^59er-'*>T.?‘'^>T425  North  Oak  ParK  Avenue  .^"^457: 


One  Part  Epoxy 

»^'221 4  Hi-Tan^t-^  XlKrsl/iCoabngs  and  Sealants  Division" T 


iScotchweldr-'  3M  Center  t:* 


vEU7823 


Paul.  MN.S5144.^ 


;ScotctTweid*iiiil^'AiiS:; 

tec  3476  ■TStST.T3ri'’^tT''F»-  . 


,  EPaTEK»i.X  4;- -  ..  Epoxy  Technology.  Inc^  .’.VJ: 

£  H35-T75  ~;.p^:r  ife\.^-:.l4  Fortune  Drive 
Sib^BectncalJy  conductivei.^t'Bilkenca.  MA  01821 

&-r--  T4-iWftr  •  '  •  *»’•*  •  -SI 


k-  "  -Z  V 

Amicon  Corp 


tME'868-2*  (Thetmally  Amicon  Corp 

l^snducaive)  25  Hartwell  Avenue^ 

-rr-ry Lexington.  MA  02173 


'•  1  Pan  Cyanoacrylate  /-r  'J*  .--■»■  '■  ‘  tfl/-  . 
55^  X-5V=r»viUlvvn,Jw.,.-JTr^C 


iPermabond*  102  Permaixind  Iniemationai 

.■  •  "-ii-  '-/T' '.480  S.  Dean  Street  “ ' ’  5^1'  . 

"^-T' -  Englewood,  NJ  07631  '  ' 


I  2PartAcryitc  J; 50/100 

‘Ligrt  3anoin<;,grit  Diastmq  anfl  so«vent  twasr. 


:3L 


^J’ermabond*  610/612  ^i^Permabond  Imemabonal 
saB*K;?ater*fTj '- -T^.480  S.  Dean  Street 
"*  ._  '.  Englewood.  NJ  07631 


•  W^gufr^  trad*maf3(  o*  ny«w  rMpartrvv  marK;t«CTur*r« 


As  lesijnq  was  itmiieo  m©r^  w«re  no  adr>©ftiv«s  ifi  tn©  foaowtng  caregones 
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Two  *^a<i  Po»vuf<*wanev 
Ow?  Par!  Poivu^eTTiriofi" 

Onf  AB*.-  o.9iSf*Ff 

fo»  Jh©  'TK>S'  uo  JO  oaip  rntOfrrsaJiOn  con’.tc!  VO'..-  V«Htra'  ■^pr-nrHC^ii  V'viCjP  i.nQinM*' 
Fo#  -M  -  i'O-'u  'CX  F  riqin^^HQ  Pl4S»KL'. 

Wo^'nattor' 


Ultrasonic  Welding  > 


When  ultrasonically  joining  parts  made  of  Vectra  resin,  a 
ohear  joint  gives  the  best  results.  Other  kinds  of  joint 
design  such  as  the  energy  director,  scarf,  and  butt  joints 
result  in  much  lower  strengths.  The  shear  joint  should  be 
designed  conventionally  fo’’  a  high  modulus  material,  that 
is  with  about  a  5  -15  mil  (0.1  -  0.4  mm)  interference  and 
a  20  -100  mil  (0.5  -  2.6  mm)  depth  The  strength  of  the 
bond  IS  determined  more  by  the  depth  of  the  joint  than  by 
the  interference. 

All  high-melting  plastics  require  high-energy  input  for 
welding.  Vectra  LCP  is  no  exception.  A  20  kHz  machine  is 
adequate  for  most  welding  application,  thcugn  for  parts 
that  are  less  than  0.5  -0.75  in.  (13  -19  mrn).  a  40  kHz  unit 
snouid  be  considered.  Horn  amplitudes  are  large  usually 
between  2  and  3.5  mils  (0.05  and  0.08  mm)  for  a  20  kHz 
frequency  and  about  half  of  that  for  a  40  kHz  machine 
Shear  strength  of  the  joint  is  30  -  50%  of  the  bulk 
material's  strength  when  these  guidelines  are  followed. 
Ultrasonics  can  also  be  used  to  stake  bosses  and  to  form 
rivet  neads. 


Plating  and  Other  Metallizing 


Consult  your  Vectra"’  resin  technical  service  representative 
for  information  on  resin  grades  and  the  chemistry  recom¬ 
menced  for  metallizing  by  vacuum  deposition.  SDuttenng, 
and  electroless  or  electrolytic  plating  with  conventional 
cnemicais. 


Annealing 

The  normal  heat  deflection  temperature  of  Vectra  LCPs 
can  be  increased  30  -  50°C  (55  -  90°F)  through  a  simple 
annealing  process  A  summary  of  annealing  conditions  is 
given  below)  Specific  conditions  are  available  from  your 
Vectra  resin  technical  service  engineer 

Vectra  A  and  B  resins: 

1.  Ramp  from  ambient  to  250°C  (480°F)  m 
several  hours. 

2.  Hold  at  250“C  (480“F)  for  4  hours 
3  Cool  to  ambient  temperature 

Vectra  C  resins: 

1.  Ramp  from  ambient  to  270“C  (520'"F;  m 
several  hours. 

2.  Hold  at  270°C  (520“F)  for  4  hours 
3  Cool  to  ambient  temperature 

This  manual  has  been  prepar  d  to  provide  the  designer, 
processor,  and  applications  engineer  with  information 
needed  to  use  and  apply  Vectra  Liquid  Crystal  Polymers 
For  questions  about  topics  not  included  here,  or  when 
more  information  is  required,  please  telephone  the 
Engineering  Plastics  Technical  Information  Service 
(908)231-2062 
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Description 

DU  PONT  Liquid  Ciystal  Polymers  (LCP)  are 
designed  to  provide  very  high  heat  distortion 
properties,  c^ibit  excellent  dimensional  stabil¬ 
ity  and  maintain  hi^  mechanical  properties 
over  a  wide  temperature  range.  The  :^-4000 
series  are  ndioily  aromatic  polyester  resins  which 
are  easily  moldable.  These  grades  of  DU  PONT 
LCP  are  ideal  for  a  wide  range  of  applications 
including  those  in  the  automotive  and  elec¬ 
tronic  industries. 

Propertios 

Typical  properties  of  DU  PONT  HX-4000 
series  resins  are  shown  in  the  accompanying 
table.  Th«e  materials  combine  excellent  flex¬ 
ural  modulus  (see  Figure  1),  heat  distortion 
temperature  and  electrical  insulation  properties 
(see  Figure  2),  with  outstanding  dimensional 
stability  due  to  their  very  low  coefficient  of 
thermal  expansion.  The  exceptional  ^gue 
properD,es  are  illusoated  in  Figan  3. 

In  addition  to  the  excellent  thermal  properties, 
these  resins  have  a  hi^  degree  of  resistance  to 
a  wide  range  of  chemicals — ^including  strong 
acids,  bases  and  hydrocarbotu. 

Compositions 

HX-4000  Unfilled 
HX-4100  30%  glass,  high  temperature 

grade 

HX-4101  30%  glass,  high  temperature 

grade  V-0  at  0.79  mm  (0.031  in.) 
KX-4330  30%  talc,  high  temperature  grade 

Applications 

DU  PONT  HX-4000  scries  resins  should  be 
considered  in  applications  requiring  high  tem¬ 
perature  performance,  retention  of  properties 
over  a  wide  tempemture  range,  dimensional  su- 
bility,  chemical  resistance  and  excellent  electri¬ 
cal  properties.  These  resins  are  well  suited  for 
use  in  automotive,  electrical/electronic,  fiber 
optics,  teiecommunications  and  aerospace 
industries. 
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Suggested  Application  Areas 

BeeMcal/SeetronIe 
Surface  Mount  Components 
Sockets/Bum-in  Sockets 
Connectors 
Chip  Catrien 
Bobbins 

Ceramic  Replacemenci 

Motor  Pam  and  Insulations 

Fi^  Optics 

Connectors 

Guides 

Pins 

Closures 

Automotive 
Sensors 
Lamp  Sockets 
Coil  Forms 
Chip  Carriers 
Fuel  System  Components 
Transmission  System  Components 
Pump  Components 
Ignition  System  Components 

Aerospoee 

Ail  Electronic  Componcaa 
Imaging  and  Optoelectric  Components 
Sensor  Devices 
Composice  Materials 

Processing 

DU  PONT  HX-4000  series  resins  exhibit  good 
melt  subilicy  and  feature  low  melt  viscosities 
and,  thus,  are  easily  processed.  They  can  easily 
fill  long,  chin  wall  sections  and  exhibit  no  fiasb. 
Due  to  the  high  freezing  point,  low  beat  of  fu¬ 
sion  and  good  thermal  conductivity,  the  cycle 
rime  for  ffiese  resins  is  significantly  better  chan 
conventional  crystalline  resins — thus  offering 
key  improvements  to  productivity.  The  very  low 
mold  shrinkage  of  these  resins  is  a  plus  faaor  in 
tool  design  and  design  tolerances. 

Recommendations  regarding  processing  condi¬ 
tions  are  available  from  your  Du  Pont  Polymer 
Products  representative  or  from  any  office  listed 
on  the  back  page. 
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STIFFNESS  &  CHEEP  STRENGTH 


SEP  24  '92  13J38  DUPONT  CO.  O^STNUT  RUN  aJDG.712 


P.b/S 


TABLE  1 

Typical  Propartlaa  of  Du  PONT  LCP  Raaina 


Madiod 

Uotw 

DUPONT 

Proparty* 

ASTU 

ISO 

o 

(Engiiih) 

HJUOOO 

HX>4100 

HX<4101 

MX<433a 

Tansifa  Saangdi 

-40«C  (-hW'P) 
23«C  (73*F) 
1»*C  (2S0«P) 
160^  O00«P) 
200*C  (892*P) 

0638 

R527 

(kpsi) 

140  (204) 
150(22.0) 
110(16.0) 
65  (12.4) 
40  (5.8) 

136  (19.9) 
155  (22.5) 
110(16.0) 

70  (10.2) 

SO  (7.5) 

110(16.0) 

110(16.0) 

90  (13.0) 
75(11.0) 

40  (6.0) 

O 

Elongation  at  braak 

-40»C  (-40*n 
23»C  (73*F) 
120*C  (2S0»F) 
1«0*C  (300*P) 
200'C  {382'P} 

0636 

R527 

% 

nn 

0.5 

1.0 

1.0 

2.0 

2.0 

0.5 

14 

1.0 

14 

2.0 

04 

0.9 

1.1 

1.5 

40 

s 

M 

Tanttia  Modulus 

_40*C<-40*P) 
23«C  (TS'F) 
120*C  (250*F) 
160'C  (300*F) 
200*C  (392*F) 

0638 

R527 

fiPa 

(Mpsi) 

21  (3.1) 
11(1.6) 

23(34) 

18(2.7) 

13  (14) 
11(14) 
4(0.6) 

22(34) 

19(2.7) 

13(1.9) 

12(1.7) 

6(0.7) 

14  (40) 
14(40) 

6  (1.2) 

Sbaar  Saangth 

-40*C  |-*0*F) 
23*C(T3»F) 
t20*C  (2S0*F) 
200%  OS2*F) 

0732 

MPa 

(kpti) 

80(11.8) 

75(11.1) 

50(7.6) 

30(4.7) 

80(11.8) 

70  (104) 

56(84) 

30(44) 

Flaxumi  Strangth 

^•C  {-<0*F) 
m;(73*F) 
i20»c  (250*F) 
1«0%(300*F) 
200%  <3«'F) 

0790 

178 

MPa 

(kpai) 

230(38.1) 
150  (22.1) 

220(314) 
200(29.0) 
140  (204) 
110(164) 
55(8.0) 

210  (30.7) 
195  (284) 
145  (204) 
'35(164) 

58  (6.1) 

206  (30.0) 
190(274) 
120(174) 

40  (6.0) 

0. 

Ui 

m 

a 

Flaxumi  Modulus 

-40%  <-40*F) 
23%(73'F) 
120%  (250*F) 
150%  <300»F) 
200%(Sa2*F) 

0700 

178 

QPa 

(Mpsi) 

16  (24) 
11(14) 

20  (2.9) 

19  (2.7) 

14  (24) 
12(1.7) 

6  (0.9) 

20(24) 

18  (24) 

14  (40) 
12(1.7) 
7(1.0) 

15  (24) 

14  (40) 
10(14) 

4  (0.6) 

u 

ut 

(t> 

m 

Ui 

z 

Comprassiva  Strangth 

-40%  (-40»F) 
23%(T3-F) 
120%  (2S0'F) 
200%  (3»2«F) 

0685 

1 

MPa 

(kps') 

190  (27.5) 
170  (24.7) 
125(18.1) 
40(54) 

170  (24.7) 
165  (22.8) 
90(11.6) 

25  (3.9) 

S: 

i 

Comprauiva  Modulus 

-40»C  (-40*F) 
23%  (73*F) 
120%  (260^) 
200%  {302^) 

0685 

1 

GPa 

(Mpsi) 

16  (246) 
7(1.06) 
6(0.79) 
3(0.46) 

Oatomtatic-n  Undar  Load 
27.5  MPa  (4000  psi) 

20%  (Ton 
50%(122»F) 

- 

I 

0.60 

045 

0.30 

045 

045 

Haat  Oallaaion 

Tamparstura  f 

1.1  MPa,  (264  pti) 
0.46  MPa,  (66  psi) 

0648 

75 

B 

(n 

260(904} 
>276  (>627) 

270(520) 
>275  (>S27) 

270<S20) 
>275  (>527) 

230(445) 

270(620) 

'  ThM*  ara  tor  riMufai  eetar  iwms  only.  Cgleranti  orathvradditivMmay  •Narwmaoralof  tonaproparoM.  Tha  data  kctod 
tiara  ara  pralminary  and  are  basad  on  llmitad  manutoctunng  campaignt.  Taat  data  may  da  modtfiad  a*  mora  axpananoa  U  pauiad 
ThaM  typcai  propartiaa  atiocild  not  ba  uaad  to  aataNith  tpaoftcadori  lanitt  nor  ba  uiad  atona  aa  aw  baait  at  daaign 
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MISCELLANEOUS  FLAMMABILITY  THERMAL  TOUGHNESS 


TABLE  1  (QOfliimMd) 

Typical  Frepartiea  ol  DU  PONT  LCP  Raatna 


Maiiied 

Unita 

OU  POMT 

Property 

ASTM 

rm 

81 

(Engliah) 

HXMOM 

HXMIOO 

HX-4101 

HX>4330 

iMd  Impact 

0288 

wm 

•I/m 

(IhlbAn) 

-40<(-40^) 

•8(1.8) 

85(14) 

80(1.1) 

23^{73*F) 

85(1.8) 

80(1.1) 

55(14) 

18  (03) 

Unnotehed  Izod  Impact 

Snengm 

180 

J/m 

(IHb/in) 

-40^{-40»F) 

mu 

180  (3.4) 

160(34) 

150  (24) 

23*C(73*P) 

■ 

200(34) 

175(33) 

165(3.1) 

Melting  Point 

CeeHident  of  Linear 

03418 

1 

*C 

(•F) 

310  (SaO) 

310(590} 

310(590) 

Thormat  Expansion* 

D«96 

Machine  Oir. 

-40»C  to  ISO'C 
(-SO*?  to  300*P> 

■ 

10-/*C 

(10-/H*) 

-0.1  (-0.05) 

0.8  (0.3) 

0.5  (03) 

0.6  (0.3) 

Transvarsa  Oir. 
•^0*Cto  150*C 

■ 

10^ 

(lO-'T*) 

10.6  (54) 

9.7  (6.4) 

9.7  (64) 

3.1  (1.7) 

(-4Q*P  to  300*P) 

Thennal  ConduotMty 

C177 

1 

W/m<K 

Btu*in/ 

trti***? 

0.23  (1.1) 

043(1.6) 

UL  PlammabiUty* 

UL-04 

D 

mm 

(In) 

V-O 

V-O 

V4 

V4 

Thickness 

0.79(0.031) 

3.18(0.125) 

0.79  (0431) 

139(0462) 

Oxygen  index 

02883 

%0, 

38 

36 

TEMP.  INOEXINQ 
(All  Pmvisionai) 

UU748B 

1 

•c 

200  (392) 

150(302) 

Spedlic  Qraviiy 

0973 

149 

1.81 

1.51 

135 

Water  Absorption 

0570 

82 

24  hr.  23*C  (73«P) 

% 

044 

0.03 

S-month  Immersion 

% 

0.30 

0.28 

Hardness  PookareH  M 

0786 

2039 

poims 

100 

Hardness  PoekweH  P 

Tabar  Abrasion 

123 

CS>17  Wheal 

mg/itxxi 

tOOOg 

oyelas 

102 

123 

Meld  Shhnkage* 

for  3.18  mm  (0.125  In.) 
thioknass 

Wow 

% 

0.0 

0.0 

-0.1 

Transvarsa 

% 

■9 

0.6 

0.6 

0.6 

*  OMirmuMd  by  Quarts  Dlaiamatar  mabiod  an  76^  x  127  x  3.18  mm  (3  x  5  x  0.12S  incb)  apacimani. 

■  This  MnaO  test  dOMrxxindieatacombuation  charaetMlaiicaundar  actual  Ira  oondMons.  Data  for  HX>4100  and  HX^aiOl  ware 
obtained  from  Undenwrtiart  Laboratories.  Test  lesutu  on  HX>4000  and  HX-4330  are  Ou  Pont  data  using  the  UL  Test  Prooadure. 

*  Shrinkage detemimed on 78.2 x  127  x  3.18 mm (3x8x0.123 ».)soacimennieidedBtS2%(180*P)meidlBn^eraiura. 
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DC.r 


»nL,w  » )  Jw »  ^ 


TABLE  1  (oonomMd) 

Typical  Propartlaa  of  DU  PONT  LCP  RMina 


Itottiorf 


DUPONT 


Asm  I  ao  I  SI  l(Enflllali)  j  HX>400S  |  HX<4100  |  HX-4101  |  HX'4»0 


«7.0  (1700)  «5.S  (1870) 

53.5(1380)  S6A(1440) 

80.8(1280)  47.0(1200) 

48.0(1140)  48.0(1170) 

42.5(1080)  44.0(1120) 

40.0  (1250)  50.0  (1270) 

43.5(1110)  38.0(970) 

Se.S  (1000)  32A  (820) 

32.5  (820) 

26.5(670)  31.5(800)  31.8(800)  30.0(760) 

29.5  (780)  30.0  (780)  25.5  (650) 

23S  (800)  25.0  (840)  23.5  (600) 

25.6  (660)  24.5  (820) 

18.5(470)  18.5(470)  17.0(430) 


Ptap«rt)f 


0«<*etne  SMngth, 
ShonTlKM* 

0.79  mm  (0.031  in.) 

23*C  {73«P) 
120*0  {250*P) 
150*0  (300*P) 
200*0  (392*P) 
245*0  (475*P) 

1.59  mm  (0.082  ».) 

23*0  (73*P) 
120*0  {250*F) 
160*0  (300*F) 
200*0  (392*F) 
245*0  (475*F) 

3.18  mm  (0.125  in.) 

23*0  {73*F) 
120*0  (250*F) 
180*0  (300*F> 
200*0  <392*F) 
245*0  (47a*F) 

Swp  ti  SMp 

a.18mm^23*C 
(0.12Sin  •  73*F) 

Compvaiiv* 

TmeWno  intimt 

0i8<*etrie  Oontuni 
3.18  mm  (0.125  n.) 

1  kHi 
23*0  (73*F) 
120*0  (2S0*P) 
200*0  (392*P) 
260*0  (500*P} 

1  MHl 
23*0  (73*F) 
120*0(250*7) 
200*0(392*7) 
260*0  (S00*F) 

Oittipuon  Paoor 
3.18  mm  (0.125  in.) 

1  kHz 
23*0  (73*F) 
120*0  <2S0*F) 
200*0(392*7) 
260*0  (800*F) 

1  MHz 
23*0(73*7) 
120*0  (2S0»7) 
200*0  (392*F ) 
260*0  (600*7) 

Volum*  PMistlviiy  ^ 

Surfaoa  RMiftivity 


*  Omnrnintd  wim  iuiitiundin9  mackum  o(  KRYTOX*  high  wmparnura  oH. 
of  lOeca  proptmat. 


Um  el  aOiar  madiume  IneiMing  air  may  attar  soma  or  all 
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F.?/8 


ENJECnON  MOLDING 
DC  PCK^BS^OOO  SERIES 
LIQUID  CRYSTAL  POLYMERS 


finT^FW  BACK  PRESSURE  ' 

•  Minimum 

SCREWRPM 

-  6-16  in/sec  peripheral  speed  (e.g.  2  in  screw:  60*150  rpm) 

Cy.CL£. 

-  Past  fill  rate 

•  Fast  set-up  time  (If  uot,  check  resin  moisture)  - 

-  Overall  •  about  2/3  that  of  PET  and  PPS. 


METT  STABILITY 


-  HX-4100  -  Very  stable  (long  hold-up  times;  cycle  interruptions) 

-  HX-4101  -  For  cycle  interruptions  >20  minutes,  purge  machine 


EUSfiE 

-  Fractional  melt  index  polyethylene 

-  Keep  screw  turning  at  temperatures  >600®F 

-  Wear  protective  gloves  and  safety  glasses 


SHRINKAGE 

-  0.0%  (!)  -  Dri-ection  of  flow 

-  0.6%  -  Transverse  direction 

VENTING  : 

-  0.015  in  (or  greater)  -  Depth;  0.030-0.060  in  *  Land  ' 

-  Rebeve  to  0.060  in  or  greater  i 


mm: 

,  -  Generous  (2-5  degrees  per  side?) 


V 


SEP  24  '92  13:40  DLPONT  CO.  OCSTNUT 


RUN  BLDG. 713 


INJECTION  MOLDING 
IXJPONTfiK4000 SEBIES 
LIQXJlD'CatSTALFOLTMERS 

< 

myiJLQ 

•  Overasiglit  at  250°F 

•  4  hoars  at  300®F 

-  <0.015%  moisture  required 


•  Limit  to  20% 

•  Eegrind  shatters  -  need  very  sharp  cutters 

•  Fines  separation 


2iroLt-TgM2SRATVEE 

-  640-6S0®F  (Cylinder  insulation  may  be  needed) 

•  Use  heavy  gloves  for  melt  temperature  measurement 

MOLD  TEMESRATURE 


-  170-300«P 

-  Lower  temperatures  for  ejection  of  complex  parts 

-  Higher  temperatures  for  fill  oflong,  thin  parts 


EHESSVRES  (I?mGIIgR&.PAC.K) 

.  4.00015,000  psi 

-  Ix)wer  pressures  to  improve  ejection 

>  Higher  pressures  to  improve  fill  and  wdld  lines 

-  Maximum  part  weight  for  optimum  weld  line  strength 


HLLMTS 

-  Flow  is  very  shear  sensitive 

•  Fast:  1-3  seconds  (0.3- 1.0  seconds  common  for  small  shots) 

-  Capable  of  long  fiow  in  thin  sections 

•  Zero  flash 


.SEP-ll-’92  FRI  15:14  ID:(=lPPI  CUSTCrCR  SERUlC  TEL  hCl: 


tt506  P02 


Htgh»Pftorthano  EnginMirIng  RmIh* 


PROCESSING  GUIDE 


XYDAR  FC  ffltad  oompounda  «m  rww 
ganani  purpoM  liQuid  crystal  polymsr 
coffwounda  that  oan  be  easily  infMlon 
moKtab  on  oorwantional  eQuipmem  and 
00  not  lequiie  yemeo  barrals  or  oaramic 
heater  bands.  Ceramic  heater  panda 
may  be  advisabte  for  ¥sry  iona  praduo- 
tion  runs,  however,  beoauso  of  their 
longer  servioi  life. 

Thaae  PC  oornpounds  provide  ex* 
ceilenl  flow  tor  thirHealt  and  dlfficutl-to* 
fill  pans,  and  heevy  well  componanis 
cm  be  molded  at  last  cycles.  Moida 
designad  for  ether  thermoplastics  can 
be  used  tor  developmerRai  evaluations. 


Aaain  Drying 

•  XYOAR  ^  compounds  are  not  hypro- 
eeopie  butsuHeoe  moitujie  must  oe 
removed  by  oven  drying  tore  houre 
®300*F. 

•  Hopper  dryers  with  desiccant  beds 
are  recotnmanded. 

•  tneoffling  air  to  the  hopper  dryer 
should  meesuie  300*F  with  a  dew  point 
of  -2£rP. 

Machine 

•  XYDAR  PC  compounds  can  be  run  on 
standard  iryection  molding  machines 
without  modHicat)on$. 

•  Nonviniad  or  vented  barrels  can  be 
used. 

•  Clamp  pressure  should  be  2*4  tons 
per  equeie  inch  of  ptojeeled  erea. 

•  Shot  Sin  should  be  a  rranimum  Of 
30%  of  the  berrel  capacity. 


•  Conventronel  eciBw  dasigne  ere  leo* 
ommanded.  such  at  20*24:t  UD  and 
2.&-3:i  oompieeeion  ndioe. 

Mold 

•  Molds  ahouW  be  heated  to  200'600*P 
either  by  drouetmg  hot  ON  or  aleetrM 
certnoge  heaters. 

•  Cold  slug  wane  tie  lecorntnended. 

•  Both  meld  halvee  ahouid  be  heated 

eoualiy  to  avoid  mremeteh.  ^ 

•  Molde  ehouid  be  mauiated  Item  me  ^ 
mold  puuef»  to  eneuns  adequets  tern- 
perauMB  oontm. 


ProcMSlng  Pronie 

Melt  Nozzle 


Front  Center 

Zone  Zone 


Rear 

Zone 


750  a6CrF  720*770»F  720-770^  670.740’F  660-7 10*F 

Screw  speed:  60*100  rpm 
infection  preeaufo:  s.000-14.000  pti 
Beck  pressure:  0 
MoM  temperature:  200'500*F 


Hopper 

Dryer 

30(rF 


